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ABSTRACT
This thesis addresses the question of the transformation of the Lapita Culture established on 
Tongatapu over the period 1000 BC to AD 500 into the highly stratified society described by European 
observers of the late 18th century and reflected in a rich body of oral traditions and a conspicuous 
grouping of beachrock slab-faced monuments at a capital centre on the lagoon at Mu’a. It does so in 
the light of discussions of the nature and origins of chiefdoms in Polynesia, particularly the 
proposition that they arose in the context of increases in populations in circumscribed environments 
subject to fluctuations in horticultural production, where horticultural surplus could be appropriated, 
accumulated, stored and judiciously redistributed.
The evidence, old and new, for Lapita society is assessed to identify more precisely the nature of the 
developments to be examined. Three research objectives are defined to which field research by survey 
and excavation was directed. These are the course and chronology of the settlement of the inland areas 
and the concomitant growth of an essentially horticulturally-based economy; the nature of the 
settlement and habitation pattern represented by earthen house- and burial mounds of post-Lapita, 
aceramic times; and the origins and development of slab-built structures as a mark of high status.
The settlement of the inland was accomplished in Late Lapita times, by the 5th century AD, already 
in a non-nucleated pattern reminiscent of that described by the early Europeans, and the economy was 
horticulturally based. Mound-building, at least for habitation, proved to be equally old, while 
comparisons of mound numbers (based on sample surveys) against population estimates (using a variety 
of sources) suggest that not everyone could be accommodated on them, implying some level of social 
differentiation in their use. Excavations at house mounds adjacent to one of the quarries where the 
slabs for high-status structures were obtained indicate that this activity also goes back to the 5th 
century AD.
The further development of these early signs of social differentiation cannot be traced, until the 
sudden and spectacular appearance of the monument group at Heketa, an early traditional political
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INTRODUCTION
At the inception of my research in 1985, the islands of the Tongan archipelago, like others in the 
Pacific, had a prehistoric beginning, recovered through the occurrence in coastal middens of pottery 
belonging to the widespread Lapita cultural complex (Poulsen 1967; 1987; Groube 1971), and a historic 
end, described in the records of European voyagers and visitors and represented in the actual or 
remembered lifeways of indigenous inhabitants. In the middle there was a blank segment, in the Tongan 
case called by Poulsen (1974) the Dark Ages of Tongan prehistory, without pottery, whose 
archaeological expression was difficult to identify or at least to interpret. The historical end of 
the Tongan sequence, however, was archaeologically characterised by large stone-faced monuments 
associated with powerful lineages in Tongan society, as indicated not only in the European records but 
in a rich body of oral traditions. These chiefly traditions, which have been written down by a variety 
of people from a variety of informants for more than a century (c/. Gifford 1929; Bott & Tavi 1982), 
have been interpreted to give a history for Tonga in terms of its leading personages going back, on 
the basis of the genealogies provided, for up to a thousand years.
Because of the high development of its socio-political system and the pyramidal form it took, Tonga 
has always figured prominently in comparative anthropological discussions of Polynesian societies 
(e . g . Sahlins 1958; Goldman 1971; Friedman 1981). It was thus an obvious place to consider 
archaeological investigation of the genesis of chiefly structure. During the development of my own 
research interest in this regard, Kirch (1984) produced a study of the evolution of the Polynesian 
chiefdoms in which Tonga provided a case study. He put forward a series of propositions about the 
background to social differentiation - increased population in circumscribed environments subject to 
natural variations in productivity - and about its mechanism - the appropriation and redistribution of 
food and labour by chiefs, based on surplus production from horticulture and the means for its 
storage. These propositions could be tested in the proposed research.
The island of Tongatapu was chosen as the focus. Not only was it the seat of the traditionally most 
important lineages, it was by all the evidence the political centre of the Tongan archipelago and the
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hub of a sphere of wider Tongan influence, sometimes loosely called the Tongan Maritime Empire (Guiart 
1963:661; Campbell 1983). It had also been the focus for earlier archaeological investigations^ and 
was the best studied in biological and geomorphological terms.
AIMS AND OBJECTIVES
The overall aims were, through an exploration of Poulsen’s Dark Ages, to link the picture which his 
investigations had provided of Lapita colonisation and settlement on Tongatapu over the first 
thousand years of its prehistory ( 900 BC - AD 200 in his chronology: Poulsen 1987:1 83) with that 
given by the records of the era of European contact. This should encompass a range of issues of which 
subsistence, settlement and the expression of social differentiation could be readily identified.
On the basis of the evidence available, these general aims could be translated into three specific 
objectives.
Subsistence and settlement
The Lapita sites investigated by Poulsen were confined to the shores of the lagoon. All other known 
Lapita sites were coastal, sitting on an old shoreline about 2m above mean sea-level (c/. Groube 
1971). Few sherds were known inland (Poulsen 1987:1 8). The coastal sites were shell middens with 
evidence of heavy exploitation of saltwater resources, but also of the presence of domesticated 
animals.
The early European accounts of the late 18lh century emphasise extensive gardening and the relative 
scarcity of meat in the diet. The settlement pattem was now one of compounds dispersed throughout the 
island, everybody living in the midst of their plantations. No villages or concentrated settlements 
existed, with the exception of the royal capital at Mu’a.
Problem 1: When did this change in subsistence and settlement take place and what were its causes ?
^ A detailed account of the history of archaeological research in the Kingdom of Tonga can be found in 
Spennemann 1986b.
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It could be logically proposed that a move to the inland areas and a shift to horticultural production 
were connected (cf Groube 1971; Poulsen 1987: I 253-255). There were two dramatic occurrences 
identified by Groube and Poulsen, which needed to be more convincingly related to these changes and to 
each other: one was the disappearance of pottery from the record by about AD 200 on Poulsen’s dating 
(1987: I 83), the other the cessation of shellfish dumping on a large scale. Moreover, there were 
indications in Poulsen’s work (1987: I 227-230) of changes in the lagoonal environment, with 
concomitant changes in representation and size of shellfish, which might have implications for the 
developments in question. It was necessary that Poulsen’s evidence be thoroughly reviewed and, if 
necessary, extended.
Settlement and social differentiation
It was obvious that the archaeological focus of any consideration of changing subsistence and 
settlement pattern must be the earthen mounds which are the most conspicuous and perhaps most numerous 
feature of the archaeological landscape (McKern 1929; Davidson 1969; Poulsen 1987: I 9). Though first 
described by Forbes in 1853, little was known about them except that they were conspicuously not 
associated with pottery. Some were burial mounds of post-Lapita times (Davidson 1969; Poulsen 1987:1 
23) and others were reputed to be house mounds (Davidson 1969); early European visitors talk about 
dwelling houses, at least in chiefly compounds of the late 18th century, being on mounds (Martin 
1981:360). Thus survey and excavation might be expected to throw light on questions of settlement 
organisation in relation to economic and social factors.
Problem 2: What were the functional and chronological perspectives on the earthen mounds and how did 
they contribute to an understanding of settlement and society after the Lapita Period?
Social differentiation
European records and oral traditions alike identify a series of stone-faced sites as of high status. 
These were the focus of the first archaeological investigations carried out in Tonga, by W.C.McKem in 
1920-21 (McKern 1929). They included chiefly sitting mounds ('e s i), pigeon-snaring mounds {sia heu 
lupe), low slab-faced house platforms (paepae) and slab-faced burial mounds (langi, mala’ e). There 
were notable concentrations of some classes of these monuments at Heketa and Mu’a, two capital places,
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the first and earlier known as such only from the oral traditions. These traditions had allowed dates 
to be suggested by genealogical reckoning for the capital places and monuments within them (e.g. 
Gifford 1929; Collocott 1924). Kirch (1984: 227-230) had used such information to make an analysis of 
Mu’a as an example of a highly developed Polynesian chiefdom: There was the possibility , therefore, 
of using these monuments archaeologically to investigate the origins and development of the social 
hierarchy of which they were the symbol.
Problem 3: What were the age and context of stone construction?
Investigations of this problem, it was understood, would be constrained. There was no question of 
excavation: many of the sites were burial monuments and of national importance, with some of them 
still used by the highest-ranking lineages; the Heketa monument group was, moreover, relatively 
intact; all of them, including otherwise ‘available’ sites like sitting and pigeon-snaring mounds, 
were not threatened by development and archaeological ethics forbade their excavation.
FIELD STRATEGIES 1985-1989
A number of major investigations was undertaken to address the problems posed above, with ancillary 
work carried out as suggested by their results. In addition, every opportunity was taken of ditch 
digging, road making, house construction, ploughing of fields, in a word of every disturbance of the 
ground, to inspect and record profiles and to collect samples for analysis and dating. These 
opportunities made a not insignificant contribution to my results.
Major and ancillary investigations
Problems 1 & 2: subsistence/settlement, settlement/social differentiation
Surveys
The basic approach to the interlinked questions of subsistence, settlement and social differentiation 
was to conduct the detailed survey of a transect and map all archaeological sites within it. Given the 
nature of the island, with a steeply cliffed coast in the south, relatively inaccessible by sea, and a 
low-lying, open coast in the north, the transect should be placed in such a way that it ran from coast 
to coast. Since the focus of investigations of Lapita sites was in the Pea-Ha’ateiho area, this was to
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be incorporated in the transect to maximise the available information. The surveyed area, 2.1 km wide, 
ran 3 km from the shore of the Inner Lagoon to the south coast. It is known as the Ha’ateiho transect. 
The survey was conducted from November 1985 to January 1986.
The results did not reveal the diversification of mound types which was hoped for: indeed it even 
proved impossible to discriminate between house and burial mounds, unless coral sand from graves was 
visible on the surface to identify the latter. It also failed to uncover any groupings of mounds or 
otherwise visible pattemings. What it did do, however, was to provide a density of mound occurrence.
For comparative purposes similar surveys were conducted in other areas, to provide samples of 
different environments and provide a basis for extrapolations to the whole of Tongatapu. Thus in 1986 
a transect across the tip of the Kolovai/Kanokupolu peninsula was surveyed to provide data on an area 
with almost no hinterland. Also in 1986 occasion arose to conduct as (unpaid) consultancies surveys of 
the airport area, which supplied data on prehistoric settlement on good soils, and of the Mataki’eua 
heights, which provided data on an area w'est of the lagoon. To complement Poulsen’s survey of the 
grounds of Toloa College, those of nearby Beulah College were surveyed in 1987.
Excavations
It had been proposed to use the results of the Ha’ateiho survey as the basis for selective excavation. 
The survey results being what they were, the excavations conducted within the transsect were not quite 
as initially envisaged. They were:
1. the test-pitting (1986) and then area excavation (1987) of an inland shell midden with late 
Lapita pottery preserved under a later mound. This was one of the few structured sites associated with 
early inland settlement on Tongatapu and the only one in the transect with shells. It is site TO-At- 
96 and its excavation is described in Excavation Report 8 of volume 2.1. The test-pitting lasted one 
day, the area excavation (5x5m) four weeks.
2. a burial mound in Ha’ateiho (TO-At-36, Excavation Report 3), to assess whether a thin spread of 
coral sand on the surface of sites was wholly indicative of burials. Davidson (1969), excavating site
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TO-At-1 and TO-At-2, some 500m east, had found evidence for food storage and other domestic activities 
at the foot of one mound (TO-At-1). The excavation, a lm-wide trench dug in Februar/ 1986, replicated 
Davidson’s findings on the structure of burial mounds, but revealed no pits at the base.
3. a large excavation at a loose grouping of house- and burial mounds south of Veitongo and 
incorporating samples of the mounds and of the level areas between them. The exercise involved sites 
TO-At-85, -86, -88 and -89 and is described in Excavation Reports 5-7. The excavations took up most of 
the 1986 excavation season and could not be completed. The aim was to recover evidence for the nature 
of the prehistoric household unit, for comparison with European descriptions, and, if possible, to get 
some idea on its development over time. Excavations had therefore to be planned on a large scale (in 
toto 606m2) to provide information on all associated activities and their location. Only in this way 
was it possible to pick up indications of social differentiation as proposed by Kirch, the 
appropriation of surplus horticultural production and its storage in pits. The results were 
disappointing: structural evidences were submerged in a background of yam-planting holes, while there 
were very few pits and ovens in the excavated areas. It was decided for the next season, therefore, 
to shift the location of the settlement excavations elsewhere. This was just as well, because when I 
returned in 1987 to complete some limited work at the location, I found it planted with yams by the 
owner. On the positive side, however, the excavation of TO-At-85 provided some insight into the 
structural composition of house mounds, which consisted of a series of house-floor construction 
horizons on top of each other.
A test pit was put in a very large mound (40 m diameter, 4.5 m high) at Beulah College in 1987, to see 
whether size was related to the number of such house floors or might be established at the very 
beginning. The former proved to be the case. The site is TO-Be-16 and its excavation is described in 
Excavation Report 9.
The focus of the 1987 excavations was a mound group on the offshore islet of Pangaimotu, surveyed in 
1986 (c/. Vol.2, Excavation Reports, page 256 ff.). The choice was made for two reasons. As a sand 
island, Pangaimotu might be expected to avoid the swamping of construction evidence by planting holes,
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since sandy soils are unsuitable for the planting of deep-rooting yams. At the same time, the 
excavations were planned to contribute to the investigation of the third research problem, the origins 
of stone construction, as we shall see below. They involved sites TO-Pi-3, -4, -5, -6, -7, -13, -14, 
and -15 and are described in Excavation Reports 22-29. Each site was test-pitted in May 1987 and area 
excavations (~175m2) at the most promising site, TO-Pi-13, from August 1987 until the end of the year.
The lesson of the excavations near Veitongo and on Pangaimotu was that very large areas were needed to 
address questions of habitation patterns. The opportunity for investigations on very large scale was 
afforded by preparations for industrial development at the Small Industries Centre, Ma’ofanga, where 
1750m2 was machine-stripped in February 1989 (TO-Nu-50, -51; Excavation Reports 17 & 18). I spent two 
weeks interrupted by a cyclone, recording and excavating at the Centre, where unfortunately the 
evidence was not that of habitation in the expected pattern.
Lapita investigations
As previously made clear, my research was planned to build on the basis laid by Poulsen’s 
investigations of the Lapita Period of Tongatapu, but re-assessment of this evidence was necessary and 
some additional work might be involved.
Groube’s (1971) observation that the Lapita sites are correlated with a palaeo-shoreline was used 
successfully to locate Lapita sites and to provide data on the spread of Lapita settlement along the 
shore. Poulsen’s (1987: I 227-230) observation of changes in the proportions of Gafrarium and Anadara 
shells and in Gafrarium shell size was followed up by a large-scale sampling and measuring program 
in 1986, which suggested that settlement location, species proportions and shell size seemed to be 
interrelated and that changing relative sea-level might be responsible. Thus in the 1987 field season 
a special point was made to assess, in partial collaboration with the Government Geologist David 
Tappin, the nature of Holocene sea-level history. In the course of this work an extensive site (TO- 
Pe-65, Sampling Report 4) was found, which offered the opportunity to investigate spatial 
distributions within a site.
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Problem 3: social differentiation
The direct approach to this problem was by way of the monuments which were the material embodiment of 
the social factors and processes under investigation. In view of the problems and constraints 
associated with their investigation described above, my work proceeded along two lines. First was the 
straightforward survey of the monument concentrations at Heketa and Mu’a and evaluation of their 
locations and spatial patterning, as well as of the relationship of monuments to each other, to other 
artificial features and to features of the landscape. Second was the recording of parameters like site 
volume and size of facing slabs at individual monuments at Heketa and Mu’a and also at ’Afa and 
Kanokupolu (one each), following in part the exercise of Kirch (1980) in Vava’u. This work was carried 
out in 1987. As an example of kinds of chiefly site I did a thorough survey over three days in 1987 of 
three pigeon-snaring mounds and one sitting mound at Popua, east of Nuku’alofa: partial destruction of 
one of the sites in 1989 allowed study of its construction and provided material for a 14C date. A 
consultancy (Spennemann 1987h) for the Tourism Council of the South Pacific in November 1987 provided 
an opportunity to see and records other chiefly stone-built sites in the other islands of the Kingdom.
The main objective of the investigations listed above was to use the parameters of the chiefly sites, 
as Kirch has done in Vava’u, to assess to what extent and in what ways they reflected the rank of the 
people traditionally associated with them, and whether this was rank by genealogical descent or by 
political position in society, for which I use the distinction introduced by Kaeppler (1971) between 
social and societal. To address the question of the origin of such ranking required a different form 
of investigation.
This involved a survey of the quarry sites, both on Tongatapu and the offshore islands, where the 
beachrock slabs used for the facing of monuments had been obtained. A detailed assessment was made of 
the large-scale quarry on the western side of Pangaimotu island, immediately adjacent to which was the 
house-mound group where excavations already mentioned described above were carried ouL These 
excavations (Excavation Reports 22-29) had an additional aim. The location of house mounds on 
Pangaimotu exclusively in the area of the quarry, and in a relatively large number (7) for such a
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small island (22.3 ha) of no great fertility, being sand, argued that they were connected with 
beachrock quarrying. Their excavation therefore might contribute to the question of the antiquity of 
the use of beachrock slabs and thereby to the beginnings of the social differentiation with which they 
were traditionally associated.
Opportunistic Investigations
These opportunistic investigations followed a set pattern. If a newly exposed site was seen or 
reported, it was briefly investigated and at least recorded as a site. If initial inspection warranted 
it, the profiles (if any) were cleaned and drawn; where possible, samples were taken. All sites thus 
recorded contributed to the spatial and sometimes the chronological understanding of site types. The 
strategy was particularly important for the shell-measuring exercise mentioned above, where it was 
imperative to obtain a series of samples well-distributed both regionally and chronologically. The 
time expenditure on these sites was commonly less than half a day and, save for site TO-Fa-4 (4 days), 
never more than a full day. The investigations are described amongst the Excavation Reports (ER) and 
Sampling Reports (SR) of volume II. 1.
Problems 1 & 2: subsistence/settlement, settlement/social differentiation.
Lapita sites and other middens
Site TO-Pe-24 (ER-20), a late pottery-bearing site at Ha’ateiho, was intentionally test-pitted in the 
course of the assessment of the Holocene shoreline history of the Ha’ateiho area. While primarily dug 
to determine the nature of the beachridge on which the site is located, the test pit provided both 
midden data and insight into what appeared to be artificial house floor construction.
A Late Lapita site at the lagoonal entrance (TO-Nk-15, ER-11) had been exposed both by a road cut and 
by house foundations. The profile of the road cut was cleaned and drawn and midden samples taken.
The surface was at a Lapita site (TO-Ko-44; SR-2) and a post-Lapita site (TO-At-90; SR-1), both 
exposed by ploughing. Site TO-Nu-52 (SR-3), a modem midden in the process of accumulation, was 
sampled as part of a student’s project in conjunction with a course I taught at ’Atenisi University.
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Pits
Given the problems in finding archaeological subsurface features, as mentioned above, ail pits 
encountered by chance discovery were recorded and sampled; profiles were cleaned, unless the labour 
input necessary appeared excessive (as in the case of TO-Pe-70 and -71). Pits recorded were sites TO- 
Nu-23 (ER-14),TO-Nu-49 (ER-16),TO-Pe-70(SR-6)andTO-Pe-71 (SR-7). A series of pits was exposed at 
site TO-Nu-47 (ER-15), where a thin spread of pottery attracted attention.
Mounds
During the survey of the Ha’ateiho transect a house mound was noticed in in Ha’ateiho township (TO-Pe- 
21, ER-19), which exhibited a large hole in its centre. The mound, which had been built on mud, 
provided unique insight into mound construction techniques on soft ground.
A substantial mound, TO-Fa-4, brought to my notice during the last four weeks of the 1987 field 
season, was found to have been partially bulldozed for fill, exposing a 4.5 m-high and over 30m-long 
curving profile. This showed revealing a complex constructional history, with a change in site 
function from house mound to burial mound. Like site TO-Be-16 mentioned in the section on regular 
excavations, the large mound consisted of a series of floors built on top of each other. The site has 
now been completely quarried away.
Other structural evidence
A cable trench on top of an elevated patch reef in Nuku’alofa exposed several small holes, which 
appeared to be postholes. As this was the location of the first Christian church, as well as of the 
historically well- known fortification of Nuku’alofa, the profile was drawn and a 14C sample taken, 
which returned a modem date, as could be expected.
Problem 3: social differentiation
Only one site (TO-Bi-1, no excavation report), on Makaha’a, falls into this category. Wave action had 
completely eroded (by 1987) a slab-faced burial mound, seen and described by Golson in 1957. The 
collapsed burial vault was found exposed on the beach. Given the state of the site, this was simply 
mapped. By luck a human bone was found wedged underneath a fallen slab and submitted for dating.
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Other Investigations
Two small-scale, interrelated excavations need to be mentioned here. A constant problem during both 
systematic and unsystematic surveys was positively identifying short stretches of ditch as belonging 
to a fortification or a sunken road. Two back-hoe trenches of 0.5 m width were cut through a sunken 
road at ’Atele (TO-At-29, ER-1) and the ditch of a fortification south of Ha’ateiho (TO-At-30, ER-2). 
The cross-sections of the two features proved to be significantly different, that of the sunken road 
being very shallow, while the fortification ditch was a substantial infilled feature.
THESIS ORGANISATION
The results of the investigations outlined above are presented in four parts.
Volume 1.1 is the thesis proper, where the theme is stated, the strategies outlined, the data 
analsyed and evaluated, the conclusions drawn and the theme readdressed. Its structure is discussed 
below.
Volume 1.2 contains a number of appendices dealing with analyses or reviews of evidence closely tied 
to the text, which makes regular reference to them. Literature citations here are covered in the 
bibliography of Vol. 1.1.
Volume II. 1 sets out the basic data from excavation and sampling used for the development of the 
argument in the text, which makes frequent reference to them. The volume has its own bibliography.
Volume II.2 is a set of Supportive Studies, each with its own bibliography, to which reference is 
made from time to time throughout both text and appendices. They result from investigations carried 
out in the course of the research but are not closely tied in with its presentation. They are to be 
treated in a similar way to independent studies by other authors.
Thesis proper
The thesis proper consists of an Introduction, three Parts and a Conclusion, besides a bibliography of 
works quoted and a glossary of usages and Tongan terms.
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The Introduction announces the theme of the thesis, and an enquiry into the transformations that took 
place on Tongatapu between the Lapita Period and late 18th century European contact, and describes 
the field investigations carried out
After an initial chapter dealing with appropriate environmental features of the island, including 
geology, climate and the, effects of natural disasters, Part I is a re-assessment of the evidence of 
the Lapita Period on Tongatapu to provide a firm base to evaluate subsequent change.
Chapter 2 deals with the changing relationships of land and sea which form the background to human 
settlement and have important implications for it. The major factor is the evolution of the present 
almost wholly enclosed lagoon from an open bay by at latest AD 200. The change is charted using 
existing geological and geomorphological evidence, expanded and refined by new investigations based on 
shellfish ecology.
Chapter 3 considers the Lapita colonisation of Tongatapu and its consolidation (Early and Middle 
Lapita), mainly in terms of subsistence and settlement. Using the evidence of new surveys, Chapter 4 
charts the expansion of settlement throughout Tongatapu during the Late Lapita Period, as evidenced by 
the character of the pottery and radiocarbon dates. The evidence of decreasing shellfish size is used 
to show that this represents an actual growth of population. There is discussion of the relationship 
between the inland spread of settlement, the associated growth in importance of horticulture as the 
subsistence mode, the cessation of shellfish dumping on a large scale and the final disappearance of 
pottery after a previous loss of decoration and simplification of ceramic form. The social character 
of the Late Lapita population now distributed throughout Tongatapu is a focus of concern in view of 
the issues to be taken up.
There is a short linking section between Part I and Part II, indicating the course of the argument.
Part II deals with settlement in the post-ceramic era, at the macro- and micro-levels. The 
introductory chapter, chapter 5, discusses aspects of subsistence and population. The subsistence 
evidence is slight, but indications from the morphology and stable-isotope composition of skeletal
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remains suggest a significant saltwater component that must temper any population estimates based on 
horticultural carrying-capacity estimates alone. Carrying capacity models and population estimates for 
Tongatapu by Europeans in the early days of contact are used in chapter 6 in a series of calculations 
to evaluate the ability of house mounds to accommodate all the living and all the dead. The estimates 
of mound numbers are based on a series of surveys in different parts of the island. These surveys were 
also used to consider differential mound distribution at the macro-level for the island as a whole and 
at the submacro-level for one part of it, the Ha’ateiho transect, where the location of wells and the 
problems of rainwater catchment appear as important influences.
Since some indication of restricted rights to mound habitation has appeared, the evidence from 
excavations at house mounds is used to suggest an antiquity for the appearance of some degree of 
social differentiation.
Chapter 7 reviews the excavations from which this dating evidence is drawn and considers the 
organisation of the household unit. This is necessarily in general terms because of difficulties with 
the excavated evidence.
Another linking section bridges the break between Parts II & III.
In Part III sites of undeniably high status are under review. Chapter 8 deals with the evidence of 
stone-faced monuments in general and slab-faced ones in particular, both as groups and as individuals. 
The analysis explores deals with the correlation of percentages of site volume, slab size and 
estimated labour input with the evidence of ranking provided by oral traditions, but in terms not of 
the individuals with which they associate the monuments, because the evidence is conflicting, but of 
the lineages, where it is not.
Attention is then directed to the quarry sites where the beachrock slabs for monumental construction 
were obtained. The results of excavations at a group of house mounds adjacent to the large quarry 
site on the small offshore island of Pangaimotu are used to suggest the antiquity of slab quarrying 
and thus of elevated status with which the quarried slabs were invariably associated.
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Chapter 9 takes up the question of the political centres associated with the developed hierarchical 
society, of which the succession is provided by the oral traditions. Locational factors are discussed 
in relation to each of the series, which exhibits a progression from land-based and Tongatapu-centred 
in the beginning to sea-oriented and outward-looking in the final capital at Mu’a. The decline of Mu’a 
and the corresponding rise of a political centre in the west of Tongatapu are discussed in the context 
of a higher population in that region and the existence of small centres of power and authority at the 
local level. These conclusions are reached on the basis of the distribution of fortifications of the 
first half of the 19th century and of the late ^^-century road system which their distribution 
explains.
The concluding chapter of the thesis attempts to bring the varied lines of evidence together to assess 
the advances achieved in understanding the historical development of Tongan society and to suggest 
avenues for future work in this field.
CONVENTIONS USED
Designation of sites
Before the start of the present research, various site designations existed for Tonga. Besides sites 
named according to area (e.g. Mangaia mound) or owner (e.g. Vuki’s mound), various codes had been 
used: T.l to T.8 for the sites excavated by Golson in 1957, To.l to To.8 for those excavated or 
surface-collected by Poulsen in 1963-64, TO-At-1 to TO-At-25 for sites dug or mapped by Davidson in 
1964. To introduce some element of consistency, a general site designation system was adopted, using 
island, area and site designators. For example:
TO-Pe-5 = Tonga, Tongatapu, Pea area, site no. 5.
Chronology
The argument relies on a wide variety of data from very different sources: geological, biological and 
biogeographical evidence, excavated sites, oral traditions and accounts of early European visitors. A 
tight chronological framework is needed to ensure that the disparate data are reliably matched to 
produce a reliable picture of the diachronic processes of social and economic change. Some comments 
are therefore about the chronological tools used.
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Poulsen has developed a relative chronology for Tongan Lapita pottery based on rim form and overall 
decoration, which allows a sequencing of the pottery-bearing sites. Pottery, however, disappears 
during the 5th century AD and other portable artefacts are very scarce, making traditional 
archaeological dating impossible.
As a result there was inevitably heavy reliance on radiocarbon dating. This poses some methodological 
problems, as well as problems of standardisation, which are discussed in detail in Supportive Study 
XII (SS-XII). As a rule, dates given in calendar years have been calibrated using the program CALIB 
(vers. 2.0; Stuiver & Reimer 1986; 10 year atmospheric option used wherever possible). Uncalibrated 
dates have been corrected for environmental factors, mainly 12C/13C fractionation, and, where 
applicable, ocean reservoir effect and hard water effect, which is caused by the incorporation of 
fossil carbon derived from dissolved limestone. These dates are flagged with BP*.
Sites referred to in the oral traditions are usually dated by genealogical reckoning, based on the 
succession of Tu’i Tonga. The reign of each Tu’i Tonga is taken to represent one generation of 
20/25/30 years, unless there is evidence to the contrary, as is the case of brothers. There are 
problems with and conflicts in the traditional evidence, but in the use made of them, all perceived 
eventualities are covered.
The recent end of the sequence is documented in the European accounts, the calendar dates of which are 
known.
Periodisation
My early formulations made use of Poulsen’s concept of the dark Ages, but given the secondary and 
offensive meaning that it can convey, I abandoned it. I use the following terms as a broad 
chronological framework for discussing the span of Tongan history:
Lapita Period - the pottery-producing period.
Formative Period - from the end of the pottery-production to the beginning of visible monumental stone 
architecture.
XXXI
Predassical Period - from the beginning of visible monumental stone architecture until Mu’a becomes 
the capital place.
Classical Period - from the establishment of Mu’a as the capital place until the arrival of the 
Europeans, starting with Cook 1772.
European Contact Period - from Cook to the onset of the heavy whaling trade in the 1830s.
Statistics
All calculations were run with the Statistical Package for Social Sciences (SPSSX, version 1.0) on the 
DEC-10 of the Coombs Computer Centre, Research Schools of Social Sciences and Pacific Studies, The 
Australian National University, Canberra. The following expressions for probability values of 
Student’s r-test (two-tailed probability test, separate variance estimates) have been adopted in this 
study: P < 0.001 = Very significant; P = 0.001 - 0.010 = Significant; P = 0.01 - 0.05 = Probably 
significant.
TIME FRAME OF THESIS PREPARATION
Christmas 1988 was taken as the cut-off date for the incorporation of new literature. This 
particularly concerns P.Kirch’s 1989 volume on Niuatoputapu and P.Herda’s PhD thesis on Vava’u, which 
although submitted in 1988, was not publicly available prior to February 1989.
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CHAPTER 1
THE ENVIRONMENTAL CONDITIONS
GEOLOGY AND GEOGRAPHY
The islands of Tonga, also known as the Friendly Islands by extension of the name given by Cook in 
1772 to Ha’apai, are situated in the South West Pacific some 780km east of Fiji, 900km southwest of 
Samoa and 2200km northwest of New Zealand. They comprise 171 larger and smaller islands, of which 
about 36 are currently inhabited. The modem political boundaries^ include the area from 15° to 23° 
30' S and from 173° to 177°. The archipelago extends in aNNE-SSW direction and is commonly divided into 
four groups (from north to south): the Niuas (Niuatoputapu and Niuafo’ou), the Vava’u Group, the 
Ha’apai Group and the Tongatapu Group (figure 1.1). Eighty-five km southwest of Tongatapu is the 
isolated, now uninhabited island of ’Ata.
The Tonga group in general
The Tongan islands lie on the NNE-SSW trending, mostly submarine Tonga-Kermadec Ridge, which 
constitutes a major bathymetric feature extending over 1300 km from New Zealand to Samoa, formed by 
the subduction zone of the Pacific plate sliding under the Indo-Australian plate at a speed of -100 
mm per annum (Lewis 1985). They consist of three types of islands running in two island chains paral­
lel to each other and the at times 10,500 m deep Tonga trench (figure 1.2).
i) An eastern chain of islands, sitting on the relativly shallow forarc platform (the Tongan Frontal 
Arc), consists of reefal coral limestone underlain by older volcanic rocks (Tongatapu, Ha’apai, 
Vava’u). In some instances the underlying volcanic rocks are exposed, such as on Nomuka and ’Eua. On 
the latter island these rocks are of Eocene origin.
1) Defined by Royal proclamation by King Taufa’ahau Tupou I (ca. 1830-1893) and gazetted in the Tongan Government 
Gazette 2 [55] 24.8.1887.
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Figure 1.1: The Tongan archipelago showing geological features. 
The truncated triangles indicate submarine volcanoes.
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Figure 1.2: Bathymetrical map of the Tongan Archipelago. The 500m isobath is indicated by stippling.
(After Tongilava & Kroenke 1975).
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ii) A western chain of active volcanoes (e.g. Tofua, Late, Kao) sits on the Tofoa Ridge and is 
separated from the chain of coral limestone islands by a trough up to 1,800 m deep.
iii) A chain of active submarine volcanoes, which erupt spasmodically and form unstable islands con­
sisting of volcanic ash and pumice (e.g. Fonuafo’ou [Falcon or Jack-in-the-box I.], Metis Shoal), co­
incides with the chain of visible volcanoes.
Following Taylor (1978), the Tongan Frontal Arc can be subdivided into five morpho-tectonic blocks on 
the basis of bathymetry, using the 500 m isobath as discriminant feature (figure 1.2): from north to 
south, Vava’u, northern Ha’apai, southern Ha’apai, Nomuka and Tongatapu. Each block has a different 
and distinctive history.
Tongatapu
Both Tongatapu and ’Eua are situated on the southernmost of the blocks, ’Eua being separated from Ton­
gatapu by a trough 200 m deep. In their geological sequences both islands are fairly comparable, save 
for the tilting which ’Eua has undergone, indicating that the 200 m isobath reflects a distinct diffe­
rence in their respective geological histories. The limestones of Tongatapu are reefal in origin and 
from (?) Pliocene to Recent in Age. As various oil exploration wells have shown (Mulder & Nieuwen- 
huizen 1971; Katz 1976), the limestones vary in thickness from 150 m on the north to about 250 m on 
the south side of the island. The core of the island underlying the reefal limestone is formed by 
Miocene volcanoclastics, which have been cored to a depth of 1500 m (Katz 1976). Penetrating rainwater 
has washed out numerous cavities and caves in the reefal limestone, creating a karst landscape with 
dolines. These caves are most accessible in the eastern part of Tongatapu (cf. Lowe & Gunn 1986), 
whereas the the formations in the western part are mainly subterranean and only occasionally exposed 
in the course of quarrying (cf. Spennemann 1986a:40-41).
The pre-Holocene shorelines of Tongatapu
Earlier work on the surface geology of the island was carried out by Lister (1891), who, following 
Darwin (1842:133), assumed that the peculiar wedge-like cross-section of Tongatapu, with the large 
central lagoon, was the result of a tilted coral atoll, with the northern fringe submerged or incom-
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Figure 1.3: Geological evolution of Tongatapu. 
a - Fua’amotu formation; b - Vaini formation; c - Niutoua formation; 
d - ’Utulau formation; e - Nukualofa formation; f - present shoreline.
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Figure 1.4: Map of Tongatapu, showing the locations of dated geological sampling localities.
pletely elevated. This view remained unchallenged for almost a century. Hoffmeister (1932), working on 
’Eua, made passing comments on the the geology of Tongatapu and also assumed the island to be a raised 
coral reef tilted to the northwest. The most recent and most extensive work on the geology of Tonga­
tapu was carried out by Taylor in 1976 ( Taylor 1978; Taylor & Bloom 1977). Taylor identified five 
geological formations visible as terraces (cf. table 1.1) and, based on radiometric dating and the 
analysis of wave-cut solution notches on the cliffed side, interpreted the morphology of the island as 
due to reef formations around a palaeo-island situated in the southeast. Taylor argued that reefs 
could develop on the leeward side of the palaeo-island in response to the prevailing southeastern 
trade winds and ocean swell.2)
2) A similar situation could be seen at the last incarnation of Fonuafo’ou (Falcon I.) in 1927, where the erup­
ting crater was situated in the southeast and the main sloping part of the island was built up in the northwest, 
coinciding with the prevailing winds (Hoffmeister et al. 1929).
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The geological evolution of Tongatapu as seen by Taylor is shown in Figure 1.3. A submerged coral 
reef shaped by the prevalent southeastern swell is gradually elevated above sea-level, forming a pa- 
laeo-island, the Fua’amotu formation; the 40m isohypsis is plotted in Figure 1.3a. The age of this 
island remains unknown, but the initial uplift must have occurred after the early Pliocene, as Lower 
Pliocene marine sediments underlie the coral limestone capping. Wave action from the southeast begins 
to erode the southeastern side, but on the leeward side a barrier reef complex with several patch 
reefs develops, which are elevated above sea-level by tectonic uplift, forming the Vaini formation 
defined by the 20 m contour {Figure 1.3b). This contour has been dated using the 230Th/234U method, 
yielding an age of greater than 400 ka BP (Bourouillh & Hoang 1976), which indicates that the sample 
was possibly too old for the method (Taylor 1978). The next clearly identifiable contour line is at 7m 
(occasionally less) and constitutes the Niutoua formation {Figure 1.3c). Corals from this formation 
have yielded 2mTh/234U ages between 240 + 40 (LDGO-1406F) and 205 + 20 ka BP (LDGO-1406I). Next 
comes the ’Utulau formation {Figure 1.3d), which occupies a terrace ranging between 3.2 and 5.4 m in 
height. This formation has been dated by 230Th/234U to 135 + 15 ka BP (LDGO-1406J) and is correlated 
with the last interglacial high sea-level stand. The Holocene shoreline of the Nukualofa formation 
{Figure 1.3e) will be discussed in greater detail further below {cf. chapter 2).
Table 1.1: Geological formations on Tongatapu, based on coral assemblages (after Taylor 1978) and on 
sand terraces at the western end (after Duphom 1981).
L im esto n e Sand H e ig n t-
F o rm a tio n T e r r a c e s C o n to u r (m) Age (ka BP)
F u a 'am o tu 45 s e v e r a l  100
V a in i 20 - 35 s e v e r a l  100 (>400ka)
N i u t o u a 7 240 + 40 t o 205 + 20
' U t u l a u 3 - 5 135 + 14
N u k u ' a l o f a 2 - 3 6 .2  + 0 . 2
? K o l o v a i 10 -  12 135-120 (?)
o Pumice 3 -  5 6 (?)
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A problem exists in correlating the well-investigated and -dated sequence of coral reef erosional 
terraces with the sequence of sand and pumice terraces noted by Duphom (1981) at the western end of 
Tongatapu. He identifies the Kolovai terrace (10-12 m above HWL) and the Pumice terrace (6 m above 
HWL). Although the latter correlates well with the ' Utulau formation and thus the last interglacial 
sea-level highstand at about 135-120 ka BP, Duphom assumes a Holocene date for this terrace (6000 BP) 
and equates the Kolovai terrace with the last interglacial sea-level maximum.
Present Geography
Morphologically Tongatapu is low-lying and undulating, with occasionally occurring knolls (elevated 
patchreefs). The highest elevations are in the southeast and nowhere do these exceed 65 m. From the 
southeast and south the island slopes gently down to the north-western mangrove-fringed coastline. 
For the most part the coast is cliffed (liku coast), the highest cliffs (up to 35 m) being found in 
the south. The liku coast is interrupted by a series of small pocket beaches, possibly formed by 
localised continuous discharge of the groundwater lens. The central part of the island is occupied by 
a shallow lagoon (Fanga ’Uta), which consists of two sectors connected with a small channel and which, 
except for a channel at its northeast margin, is entirely enclosed by land. Tongatapu is surrounded 
by recent coral reef, which varies in width from a few metres in the south, where it occupies a wave- 
cut notch, to over 7 km on the northern shore, where a shallow islet-studded reef flat extends out to 
sea. In the northwest of Tongatapu an extensive sand- and mudflat extends near to the outer reef. No 
passages through the reef exist at the south of the island, but several shallow- and a few-deep water 
passages can be found in the north. While the southern and southeastern coast is characterised by 
heavy wave action, the southeastern ocean swell pounding against the shore, the northern, leeward side 
of the island has quiet water conditions facilitating access by boat and canoe.
Pedology
Detailed pedological investigations have been carried out on Tonga, of which preliminary reports have
been published (Cowie 1980; Gibbs 1972, 1976; Orbell 1977a, 1983). Detailed assessment of the soils of
Tongatapu awaits final publication (Cowie, in press). A total of six soil series has been
relatively acidic See Table 12-Jot pH ooritenT)^
distinguished, three of them derived directly fron^/andesitic tephras (Lapaha, Vaini, Fahefa;^one from
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Table 1.2: pH content of soils on Tongatapu
Soil type horizon depth pH Reference
Vaini A 0-0.13 7.6 Gibbs 1972Vaini AP 0.13-0.28 7.2 Gibbs 1972Vaini a; 0.28-0.41 6.4 Gibbs 1972Vaini B 0.61-0.76 6.7 Gibbs 1972Vaini A2 0-0.30 6.3 Lee & Widdowson 1977Vaini B 0.35-0.65 7.1 Lee & Widdowson 1977Lapaha A 0-0.13 7.7 Gibbs 1972Lapaha A? 0.13-0.30 7.7 Gibbs 1972Lapaha B
B
0.33-0.51 6.8 Gibbs 1972Lapaha 0.58-0.76 6.8 Gibbs 1972Lapaha A2 0-0.20 7.5 Lee & Widdowson 1977Lapaha B 0.24-0.50 7.3 Lee & Widdowson 1977Nuku'alofa A 0-0.20 7.9 Gibbs 1972Nuku'alofa A 0-0.30 7.9 Lee & Widdowson 1977Nuku'alofa B 0.20-0.30 8.3 Gibbs 1972Nuku'alofa B
C
0.40-0.60 8.7 Lee & Widdowson 1977
redeposited tephra (Fatal) and two from marine deposits (Nukualofa [coastal sand], Sopu [lagoonal 
deposits]). The volcanic soils exist in various phases depending on the degree of erosion and weathe­
ring. The tephra layers increase in thickness from the east (~1.5 m) to the west of the island (where 
they may reach up to 5.5 m), indicating that they were deposited against the prevailing winds from 
volcanic sources west of Tongatapu (Cowie 1980). The source or sources has/have not been identified so 
far, but may well be one or more of the spasmodically erupting submarine volcanic vents, since pieces 
of basalt scoria of up to 1 cm diameter recovered from the western part of Tongatapu indicate a source 
close by.
The Lapaha soils are stratigraphically the oldest and occupy the southeastern area. The Vaini soils 
are younger than Lapaha and occupy most of central and northeastern Tongatapu, while the Fahefa soils 
on the western end of Tongatapu are the youngest. None of the tephras has been dated in absolute 
terms, but guesses have been advanced (Orbell 1977a; 1977b), suggesting an age of 5 - 10 ka BP for the 
Vaini soil and about 20 ka BP for the Lapaha soil, on the basis of the relative degree of weathering. 
The distribution of the soils derived from marine deposits indicates the extent of the island at the
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time the last ash shower fell. This distribution (fig. 1.4) correlates roughly with the shoreline of 
the Nukualofa formation (figure 1.3e), which could mean that the last ash showers came down earlier 
than ~6 ka BP. The implications for the Holocene shorelines will be discussed below. The soils 
developed on these tephras are very fertile, while the soils derived from marine deposits are gene­
rally rather poor (Widdowson 1977; McGaveston& Widdowson 1978; Lee& Widdowson 1977). The 
unmodified tephra subsoils, however, are very infertile and it takes about 2-3 years for any 
vegetation to get a foothold (personal observations at Ha’ateiho). The most fertile soils are the 
oldest ones, those of the Lapaha series located in the southeast (Widdowson 1977).
Vegetation cover
The present vegetation cover of the island shows evidence of heavy human impact. Most of the land area 
on the tephra-derived soils is heavily gardened, with some of the area in fallow. Those areas on soils 
developed on marine deposits are not used for horticultural purposes. Most of the island is covered 
with grass under coconuts or coconut woodland and only in the vicinity of the airport do residual pat­
ches of forest survive, none of which shows large hardwood trees. These patches seem to be secondary 
forest, or, if they are remnants of primary forest, they have been anthropogenically modified by large 
trees having been taken out for construction purposes. The extensive cover of coconuts is the result 
of a law which requires every landowner/tenant to plant and maintain 300 coconuts. The southern wind­
ward coast shows a 200-300m-wide fringe of low bushland behind a 50- 100m-wide strip of bare coral 
limestone and low shrub in the area occasionally covered by salt spray (resembling the makatea of the 
Cooks). We can expect that the original vegetation cover of Tongatapu consisted of a dense forest with 
a coastal zone of shrubs. The grasslands developed as a result of human impact. Since no pollen cores 
have been taken on Tongatapu so far, we are not well informed about the composition of the late 
Holocene vegetation.
Hydrology
Tongatapu possesses a freshwater lens (Ghyben-Herzberg lens) floating on top of salt water with a 
higher specific gravity (1.025 compared to 1.0 for fresh water). The lens reaches a thickness of about 
20m at the centre of Tongatapu and discharges at the edges of the island. The lens is solely recharged
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by rainfall. Due to the high permeability of the soil and underlying limestone, almost no surface run­
off occurs and streams do not exist. Evapotranspiration is so high that despite the high permeability, 
at most 25 to 30% of the annual rainfall reaches the freshwater lens (Hunt 1979; Lao 1979; Pfeiffer 
& Stach 1972). My own calculations (SS-IX) have shown that the recharge may be even less (18.5%).
CLIMATE
All comment is based on modem observations going back to World War II and sometimes to the beginning 
of the century (e.g. for rainfall). It should be noted, however, that world climate is subject to 
intermittent changes. In the more recent past of the last 4000 years, climatic optima have occurred 
between -1500 and -800 BC and between -450 and -1100/1300 AD (Finney 1979). We can assume that the 
average temperature would have been -1-2°C higher than today. During these times not only the overall 
temperature but also the wind patterns may have been different. If the El Amo/Southem Oscillation 
(ENSO) phenomenon of temporary warming of the Pacific is any guide, then we can also expect shifted 
cyclone paths with all their destructive aftermath. In addition, a temperature difference of as little 
as 1°C has a great impact on evapotranspiration and therefore on water balance. Since the rainfall on 
Tongatapu is very erratic (see below), a lessened or increased evapotranspiration has important 
consequences for the productivity of an area.
Temperatures
The average monthly temperatures decrease from north to south. While the long-term annual mean tempe­
rature on Tongatapu (21° 30' S) is ~23.3°C, the means for the Ha’apai (19° 48’ S) and Vava’u Groups 
(18° 40' S) are 1°C and 2°C higher. The annual mean for the Niuas (15° 34' S & 15° 57' S) is 3.5°C 
higher than that for Tongatapu. Long-term residents of the Niuas comment on this difference in tempe­
rature. Annual mean temperature for Nuku’alofa at sea-level is 23.7 °C. The warm season (monthly mean 
greater than annual mean) is between November and April, the warmest months being January to March, 
when the mean is 25.9°C. The mean maximum recorded is 26.1 °C (absolute maximum 32.9°C) during February 
and the mean minimum 17.8°C (absolute minimum 10.6°C) during July. Within Tongatapu some variation 
occurs. The average temperature for Fua’amotu airfield, some 60 m above MSL, is said to be 2-3°C less 
(Kennedy 1958:19), though my own calculations show it to be only ~1°C.
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Figure 1.5: Monthly rainfall, Nukualofa station (1913-1987).
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Table 1.3: Long-term annual mean precipitation (in mm) in the Tongan Archipelago. Sources: see SS-IX.
Island Latitude Mean 1 G N of years
Niuafo'ou 15° 34' S 2567.31 1256.78 17
Niuatoputapu 15° 57' S 2366.08 834.90 41
Vava'u 18° 40' s 2304.31 871.60 41
Ha'apai 19° 48' s 1763.12 507.20 41
Tongatapu 21° 15' s 1716.19 447.45 72
Rainfall and humidity
As discussed in detail elsewhere (SS-IX), the amount of precipitation decreases from north to 
south. Niuafo’ou has the highest annual rainfall and Tongatapu the lowest (table 1.3). The humidity 
also decreases from north to south, the mean annual humidity being -76% on Tongatapu and -30% in the 
Niuas. During the months January to April the humidity is at its maximum and reaches on Tongatapu a 
monthly mean of 80%. The rainfall pattem for Tongatapu is fairly complex. The longest rainfall 
records exist for Nuku’alofa, but the Nuku’alofa rainfall is not necessarily representative of that of 
the other stations. The island is too small and too flat to develop a clearly defined micro-climate 
of any sort. The rainfall is very erratic and the intensity of precipitation varies without any 
regularity throughout the island. Simply speaking, it rains where the cloud happens to be. The long­
term annual mean for Nuku’alofa station is 1716.2 mm. The long-term mean monthly rainfall varies from 
a peak of 233.8 mm in March to a low of 92.4 mm in June (table 1.4). However, the standard deviations 
are between 57% and 111% of the monthly means, indicating a very high variability. The wet season 
usually lasts from January to April, but since the rainfall is highly erratic and unreliable, large- 
scale variations may occur. Evaporation and evapotranspiration are relatively high, the excess water 
available for groundwater recharge being about 18% of the annual total rainfall. Tongatapu experiences 
in the long-term perspective a negative water balance, and thus soil moisture stress, during the 
months October to December. As the average temperature for Fua’amotu is ~1°C less than at sea-level, 
the rate of evapotranspiration here is slightly less than at sea-level, implying that more water is 
available for the crops.
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Table 1.4: Long-term monthly means of precipitation (in mm) on Tongatapu. Nuku’alofa rainfall station. 
Sources: see SS-IX.
Month Mean 1 a Median N
1 <J in % 
of mean
Monthly mean 
in % of annual
January 186.7 127.4 183.0 66 68.24 10.88
February 216.3 142.3 185.0 66 65.79 12.60
March 233.8 133.7 218.0 66 57.19 13.62
April 157.6 106.0 138.0 65 67.26 9.18
May 111.4 87.4 95.0 65 78.46 6.49
June 92.4 65.0 84.5 65 70.35 5.38
July 93.2 63.7 81.0 65 68.35 5.43
August 104.7 68.3 0.0 65 65.23 6.10
September 122.8 85.4 107.0 65 69.54 7.16
October 119.7 100.9 102.0 65 84.29 6.97
November 124.7 139.0 108.5 64 111 .47 7.27
December 142.6 145.0 109.5 63 101.68 8.31
Total 142.1 105.3 118.0 780 74.10 8.28
Wind pattern
The Tongan islands lie in the belt of the southeastern tradewinds, which make up most of the winds 
encountered (Segelhandbuch 1897:160). During the cyclone season from January to March (cf. 1.3.1) the 
winds tend to shift temporarily towards more northerly directions. The strong southeasterly trade- 
winds blow most of the year from southerly/easterly directions (65 to 75%). Not much variation exists 
throughout the main body of the Tongan archipelago (Tongatapu, Ha’apai, Vava’u). If anything, the 
dominance of the tradewinds is more pronounced in the south than in the north. This normal wind 
pattern is altered by the cyclical El Nino phenomenon, where the wind directions can be inverted 
(George 1983). As a result, hurricane paths can be reversed and the cyclone-related rainfall increa­
sed. On the other hand, the temporär)' warming increases evapotranspiration. A systematic assessment of 
wind direction and speed on Tongatapu has been made at Fua’amotu Airport (Pacific Consultants Interna­
tional 1975). Of all winds, 49.5% came from the southeast to east, ail with a speed between 4 and 16 
knots (cf. Figure 1.6). In a monthly assessment the frequency of southeasterlies decrease between a 
maximum in September and October, when they were almost exclusive and a minimum during January, when 
they made up only -40% of all winds.
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Figure 1.6: Fua’amotu Airport, Tongatapu. Speed and directions of wind 
(after Pacific Consultants International 1975:129).
NATURAL DISASTERS IN TONGA AND THEIR EFFECTS 
The environment is frequently affected and sometimes severely altered by natural disasters and catas­
trophes caused by natural agencies. The disasters the Tongans have to face are cyclones, tsunamis, 
earthquakes and volcanic eruptions. Droughts and torrential rainfall are excluded since they are 
merely frequently recurring extreme variations of climatic conditions.
Tropical cyclones
One of the climatic extremes frequently encountered in the Southwest Pacific are tropical cyclones, 
with reported wind speeds up to 230 km/h. In the southern hemisphere they originate in the zone bet-
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ween 8 and 13°S and generally move in a southerly or southeasterly direction, although they may occa­
sionally run from south to north (Dolly, 1970; Hickman 1973:36). Although the normal cyclone paths run 
west of Tonga, and most frequently hit the Fiji Group, the El Nino phenomenon alters these paths, 
which would then affect the Tongan Group more frequently.
Table 1.5: Monthly frequency (in %) of tropical cyclones affecting the Tongan islands between 1830 and 
1982. M - month not recorded. (Compiled after Kerrl976, Oliver & Reardon 1982).
P e r i o d O C T NOV D E C J A N F E B M A R A P R M A Y N M T o t a l
1 8 3 0 - 1 9 2 3 1 . 8 2 7 . 2 7 7 . 2 7 2 9 . 0 9 1 2 . 7 3 3 0 . 9 1 1 0 . 9 1 0 . 0 0 5 5 4 5 9
1 9 2 3 - 1 9 8 2 2 . 0 8 4 . 1 7 1 6 . 6 7 2 0 . 8 3 2 7 . 0 8 1 4 . 3 3 1 2 . 5 0 2 . 0 8 4 8 1 4 9
T O T A L 1 . 8 5 5 . 5 6 1 1 . 1 1 2 4 . 0 7 1 8 . 5 2 2 2 . 2 2 1 1 . 1 1 0 . 9 3 1 0 3 5 1 0 8
Occurrence
The frequency of cyclones3^ in Western Polynesia per 1° square as observed in the 30 year period from 
November 1939 until April 1969 is given in Figure 1.7. The known tropical cyclones affecting the 
Tongan Group since 1830 total 108 (until 1982), giving a mean expectancy of 0.71 cyclones per annum. A 
monthly breakdown of the cyclone expectancy is given in table 1.5. In Tonga the main cyclone season 
lasts from November until April, with a distinct peak during January, February and March. The annual 
cyclone expectation is almost the same for all individual island groups of the Tongan chain, although 
the Tongatapu Group is affected slightly more often than Ha’apai and Vava’u. Taking tropical storms of 
gale force3) also into account, the Vava’u Group is most hit, followed by Ha’apai and Tongatapu. (Com­
piled after Carter 1982, Kerrl963, Oliver & Reardon 1982; Segelhandbuch 1897:212; Woodroffe 1983).
Damage incurred by cyclones
The extent of destruction by cyclones depends on the velocity and force of the wind and whether the 
island is hit directly or merely touched. The primary damage, caused by the cyclone itself, consists
3^  Cyclones are defined as storm with sustained wind speeds [for 10 min.] in excess of 117 km/h, while tropical 
storms of gale force are defined to have sustained wind speeds in excess of 88 km/h.
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Figure 1.7: The frequency of cyclones in Western Polynesia per 1° square, given in % of all cyclones 
observed in the SW Pacific between November 1939 and April 1969 (n=194). Data taken from hurricane 
paths plotted by Kerrl976. The political boundaries of Tonga are indicated by heavy lines.
mainly of fruit-stripped and sometimes uprooted trees and decapitated coconut palms; houses are stripped 
of their roofing and wall thatching and sometimes blown down completely. Recent detailed disaster 
studies conducted in the aftermath of Cyclone Isaac (March 1982) showed that the traditional Tongan 
house (fale) with thatched roof and walls proved to be a more suitable construction to withstand 
cyclones than many modem houses {Figure 1.8). Traditional houses either collapsed entirely, or more 
often survived in their entirety (Oliver & Reardon 1982; Intellect 1982). The secondary damage, caused 
by the torrential rainfall and/or the surge whipped up by the cyclone, consists mainly of the flooding
0%
< 2%
2-4%
4-6%
> 6%
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of low-lying terrain by the surf (see below) and of rain-water damage to property and especially crop 
plants. Rotting bottom-growing food plants are frequently observed after the excessive rainfall in 
the wake of a cyclone. The strong winds drive the rain horizontally into buildings, damaging the 
property stored inside. In addition, wind-damaged trees are prone to fungus infection, which 
causes severe reduction in productivity or even die-off (Oliver & Reardon 1982, Freeman 1951). Casual­
ties caused by cyclones are mostly low; the modem figures cannot be applied to prehistoric times 
since nowadays most people are killed by flying debris, such as loose sheets of corrugated roof-iron 
acting as giant guillotines. However, drowning in the surge and being killed by uprooted trees, by 
falling tops of decapitated coconut palms or by single flying nuts may have frequently occurred.
Crop damage in the wake of cyclones has not been studied in any great detail, and most of the avail­
able statistics are based on the claims of farmers and usually marred by exaggeration. A relatively
reliable survey of crop damage has shown that Cyclone Eric (18.1.1985; max. wind speed 184 km/h) des­
troyed less than 0.1 % of the coconut palms, but stripped most of their nuts (both mature and imma­
ture). Cyclone Isaac (average speed 167 km/h, gusts up to 240 km/h; Reddy 1983) destroyed or damaged 
beyond recovery about 5% of all palms (Oliver & Reardon 1982:53). It would have taken at least three 
months for the surviving coconut trees to recover. Damage to the foliage increases the recovery pe­
riod. Statistics on copra production show it can be as long as two years for production to reach full
pre-cyclone strength (Oliver & Reardon 1982). However, damage to bananas was more severe: most of the 
old and thus fruit-bearing banana plants were destroyed, while the younger trees survived (table 
1.6). It takes at least seven months for banana production to recover.
Table 1.6: Damage to banana plants by cyclone Eric
Age Percent of plants destroyed
more than 12 months 90
7-12 months 65
5-7 months 10
less than 5 months 5
Source: Disaster-file Eric, Central Planning Department, Nuku’alofa.
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Excessive rainfall is also known to decrease the salinity of inshore waters, wiping out corals and 
entire shellfish beds and affecting the growth of subsequent generations (Cooper 1966; Meehan 1932).
Effects on prehistoric populations
In traditional Tonga the area directly around a house was planted with ornamental and fruit trees, 
which would have acted as a windbreak, reducing the force of the winds and thus the wind-load on the 
roof and house structure. In this respect modem data on the performance of traditional house types 
have to be seen as the base line, since it is practice today to fell almost every possible tree in the 
vicinity of the houses, allowing the wind-load to have a full impact on the roof and wall structures.
The effect of a cyclone on food supply is two-fold. In the period immediately after the cyclone there 
is an over-abundance of food. Most, if not all, coconuts and most mature bananas are blown down, thus 
being available for consumption. This period of over-abundance lasts about a couple of weeks and is 
followed by a period of relative food scarcity during the period the plants need for recovery and the 
surviving or replanted crops start to yield. Malnutrition and possibly starvation (in the aftermath 
of very severe cyclones) are likely to occur. While the reduction of coconut production has a severe 
impact on people from the nutritional point of view, this period is quite short, confined to about 3 
months. The effect, however, is severely aggravated if a period of drought, or even a dry spell, 
follows a cyclone: there is less water for the palms, which will show a reduced nut production, just 
at the time when, with less drinking water, people’s daily consumption rises to ~3 nuts per adult. 
Another effect of the wind damage of cyclones is that the foliage of trees is severely damaged. This 
not only impairs the swiff recovery of the coconut palm itself, but also severely cuts down the avail­
ability of coconut fronds for the repair of the thatching of roofs and walls of cyclone-damaged 
houses. Wind damage to Pandanus is a similar problem, if baskets and mats are damaged and need to be 
replaced. Bananas and plantains can be blown over very easily and need between 7 and 9 months to re­
cover. WTiile coconuts can be used at various stages of their maturity, very unripe bananas cannot be 
utilised. Breadfruit trees are very susceptible to wind damage and it does not take a cyclone to strip 
the tree of most of its fruit in an early stage of fruit growth.
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Figure 1.8: Effects of a cyclone on Tongan houses.
Top row: The remains of a traditional house ifale) after a cyclone. Note that the roof structure, 
though stripped of its thatching, is still complete and can be salvaged. Centre and bottom row: The 
salvaged roof is transported away. (Photo: August Hettig, 1920s)
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In addition, because of their shallow rooting system, breadfruit trees are easily uprooted altoge- 
ther. This implies that there will be almost no harvest later in the year. The damage to root crops 
is less well investigated and understood, but severe downpours are known to destroy the foliage of 
taro, sweet potato and yams, sometimes causing rotting of the whole plant. Whether rot occurs or not, 
the productivity of these root crops is severely reduced.
In summing up, a period of over-abundance of food in the first few weeks after a cyclone strikes 
is followed by a period of food shortage, which lasts between 3 and 9 months. Seafood is still 
abundant, but carbohydrates may well be in short supply. If the well-being of the population is to be 
ensured, this shortage must be overcome with food storage.
Storm surges and tsunamis
The high speed winds of a cyclonic system produce high waves, which will cause severe damage at 
the shore line. This damage is increased if the cyclonic surge coincides with a spring tide (Gibites 
1982). Tsunamis are high amplitude waves generated by the shock waves of volcanic eruptions or 
submarine earthquakes with corresponding (underwater) landslides. Although barely recognisable at 
sea, where there is a sufficiently large body of water, they build up a high wall of water once they 
hit the shallower part of a coastline. The tsunamis generated by the explosion of Krakatoa (1883, 
height 45m about 50km from epicentre) or the tsunamis which hit Hawaii in 1946 and 1962 are well-known 
examples. Tsunamis of appreciable impact have only been rarely recorded for Tonga* 5^  (cf. Lewis 
1978:4). On record are ones reaching a height of lm  (Tau I., Tongatapu Group, 1865) or 2m (Ha’apai 
1917, 1919). The primary’ damage consists mainly of the direct impact of the storm surge. In the case of
Following several weeks of rain, a tropical depression (wind speeds up to 80-90 km/h; Metereological Office,
Nukualofa) hit Tongatapu on 12.2.1989. Approx. 40% of all breadfruit were uprooted and most of the remaining
trees lost their fruit (pers. observation).
5-* Commonly quoted are effects of an earthquake and tsunami, claimed to have happened in 1853 or 1854 (Sawkins 
1856; Soloviev & Go 1984). These, however, appear to be fictitious. Sawkins claims that ‘...an 
earthquake in the area caused the northeast part of the island to subside, so that the ocean encroached here for 
almost 2 miles inland. Flooding occurred also, though to a lesser extent, on the southeast coast of the island 
up to Nukualofa, where, in a garden next to a completely demolished house, the water is now washing the roots 
of trees. The western shore of the island rose several feet and one of the springs that had been there previous­
ly disappeared underground.’ To my knowledge, there is no independent evidence whatsoever to support this claim. 
In addition, there is some serious inconsistency between the account and the actual geomorphology of Tongatapu.
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cyclone ‘Isaac’ a storm surge of 2.1 m above MSL has been recorded (Woodroffe 1983) and coral debris 
was washed into Sopu 70 m from the sea edge. In Nuku’alofa the debris was lying 0.20 m thick. The 
secondary damage is caused by the inundation of low-lying areas with salt water and the subsequent 
scorching of the vegetation. During cyclone Isaac Sopu was inundated up to 1 km inland and the 
standing water reached a depth of 1.0 m; the height of the waves has to be added on top.
Effects on prehistoric populations
The physical damage is restricted to structures at or very near the shoreline, such as canoe houses 
(fale alafolau) and fish fences (pa ika). In addition, it is likely that the canoes themselves would 
have been damaged. The inundation of low-lying land with salt water has effects in the short term on 
plants, which will die off due to the high salinity, and on wells near the shore, contaminated with 
sea water. In the long term the salinity of the soil will increase, rendering it less fertile than 
before. Given the status of the mainly coral sand-derived soils along the shore, this damage may make 
recently improved soils once more useless for gardening.
Earthquakes
Due to the plate tectonics described above, earthquakes occur almost daily in the Tongan Islands, al­
though most of them are so deep in the earth’s mantle that they are too small to be felt (Melson et 
al. 1970; Hanus & Vanek 1979; Wood 1932:86). Submarine earthquakes occur frequently and tsunamis 
generated by the strong ones may affect the low-lying islands of the Ha’apai Group. Severe earthquakes 
occur more rarely. For the 76 year period from 1900 to 1975 74 earthquakes of 4.9 or above on the 
Richter scale have been recorded, 24 of them 5.9 Richter or above (Lewis 1978; Richards 1962; Riedel & 
Byrne 1983) and in the 1917 earthquake reaching 8.7 Richter (Angenheister 1921). The frequency trans­
lates to almost one strong earthquake every year and a severe one every third. The direct damage cau­
sed by earthquakes is limited to toppling over weakly rooted trees, collapsing buildings and filling 
in wells with unstable side walls. Very rarely do casualties occur, mainly from falling coconuts or 
collapsing buildings. As can be shown from damage assessment reports conducted in the wake of modem 
earthquakes (Lewis 1978; Intertect 1982), the traditional Tongan house withstands earthquakes well, 
while modem housing performs rather poorly. The whole roof construction of a traditional fale is tied
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together and to the deeply buried uprights, which ensured sufficient flexibility in the structure to 
withstand the shear forces.
Volcanic eruptions
Various volcanic eruptions have been recorded during historic times* 6), the most famous ones being the 
eruption of Tofua noted by Cook on his third voyage (1777), the various eruptions of Niuafo’ou (cf. 
Rogers 1987) and the erratic occurrence and disappearance of Fonuafo’ou.7) Primary damage is caused by 
the lava flows, which destroy structures, and showers of hot volcanic ash, which impair the vegetation 
by setting it alight and scorching an area. The destruction of garden plants may cause outright fami­
ne, as occurred in Niuafo’ou in the aftermath of the 1943 eruption. The secondary damage is caused by 
the volcanic ash. As discussed in the section on pedology, the unmodified volcanic ash is infertile. 
Thus heavy ash showers may temporarily turn horticultural land into waste. The effects of volcanic 
eruptions on the prehistoric people can be summarised as structural damage to houses and wharves, as 
loss o f livestock and the destruction of plantations. In the longer term, the temporary infertility 
and prolonged lesser fertility of the soil are of greater consequence.
FAUNA
In the perception of Tongans, fauna is divided in two parts: those animals which are edible and those 
which are not. If animals are edible, a large variety of names exists, often different ones for diffe­
rent stages in the life cycle. Animals which are inedible or usually not eaten are named in summary 
terms only.
Volcanic eruptions have been recorded for Late Island (1854), Tofua Island (1777, 1906), Fonuafo’ou (pre-
1781, 1885, 1927), Fonualei (1781, 1847, 1939, 1974) and Niuafo’ou (1886, 1929, 1943, 1946, 1947). In addition
to these, various submarine eruptions have been recorded (compiled after Wood 1932; Lewis 1978; 1979).
7-> Fonuafo’ou or Falcon I. (19°S and H S ^ ’W) is typical of the submarine volcanos. It was recorded as an is­
land by the Spanish explorer Maurelle in 1781 and as a shoal by HMS Falcon in 1867. After various eruptions in 
1884, it was visible in 1885 as a distinct island consisting entirely of volcanic ash and pumice. It reached its 
maximum size of approx. 2.5 km in length and 87m in heigth in 1887. Quickly eroding away (because of wind, waves 
and currents) after the volcanic activity ceased, it was reduced to a shoal by 1900. After erupting again in 
1927, an island of 3 km in diameter and 160m in height was created by 1930. By 1940 it was reduced to 6 to 10m 
in height, and by 1968 it was again 20m below the water. (Compiled after British Admiralty 1889; 1896; Firth & 
Davidson 1944:28; Hoffmeister & Ladd 1928; Lewis 1978; Marden 1968:367; Thomson 1926:367; Wharton 1890).
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Wild fauna
The non-domesticated fauna of Tonga is very limited, probably a result of the combination of remote­
ness and the conversion of the original habitat into a managed landscape. In addition, human preda­
tion for food and other purposes (e.g. feathers) has reduced numbers. Residual populations of some 
species of birds and lizards occur on Niuafo’ou and in the central valley of ’Eua, both places where 
human impact is low.
Terrestrial
The wild or feral quadruped fauna is restricted to rats* 8), which were introduced by humans, and 
various species of lizards (Gibbons 1985; Pregill 1986), some of which can reach considerable size 
(Brachylopus sp.). However, the large lizards became quickly extinct because of destruction of habitat 
through forest clearance, and predation by humans and particularly perhaps by the Polynesian rat 
taking the eggs, a factor well known for bird populations (Atkinson 1978; Whitaker 1973; Norman 1975).
Avifauna
The avifauna, too, is relatively limited9) because of human interference with the habitat. Only those 
species capable of co-existence with humans and not subject to predation by them are frequent. During 
the fieldwork seasons 1985-1988, seabirds like terns and noddies were seen at the shore on Tongatapu, 
though none of them nesting. Herons are frequent (Egretta sacra sacra). The inland avifauna comprises 
mainly the white-collared kingfisher (.Halycon chloris vitiensis) and two species of ground-dwelling 
birds, the purple swamphen (,Porphyrio porphyrio vitiensis) and the banded rail (Gallirallus philip- 
pensis). Bam owls (Tyto alba lulu), Polynesian starlings (Aplonis tabuensis tabuensis), swiftlets 
roosting in the caves (Collocalia spodiopygia) and red-vented bulbuls (Pycnonotus cafer bengalensis) 
are relatively frequent. Parrots are very rare on Tongatapu but abundant on neighbouring ’Eua (Rinke 
1987), the dominant species being the red-breasted musk parrot (Prosopeia tabuensis). Fruit pigeons
o \
Rattus exulans (Polynesian rat), introduced in pre-European times, and R.rattus (black rat/roof rat) and
R.norvegicus (Norway rat/ship rat), both introduced in post-European times (cf,Twibell 1973).
9^Cook 1984, Finsch 1869; 1877; 1877a; 1877b; Finsch & Hartlaub 1869; 1870;Graeffe 1870; Layard 1876; Rinke 
1986; 1987a; 1987b; for a complete listing see Wading 1982.
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Table 1.7: The occurrence of fish species (by families) in the various sectors of Fanga ’Uta lagoon. 
Compiled from data by Brock (1984) and Wolterding (1985). Family names after Nelson (1984). For a spe­
cies list see SS- X.
Fish family 1 2
Sector of 
3 4
: the 
5
lagoon
6 7
Lagoon
General
A c a n t h u r i d a e X X X X
Ble n n i d a e X
Bot h i d a e X
Car a n g i d a e X X X
C h a e t o d o n t i d a e X X X
C h anidae X
Congridae X X
Gerridae X X
G o biidae X X
H aemulidae X X
He m i r a m p h i d a e X
Ho l o c e n t r i d a e X
Labridae X
L e i o g nathidae X X X
Lethri n i d a e X X X X
Lut janidae X X X X
M e g a l o p i d a e X
M u g i l i d a e X X X X X X X X
M u g i l o i d a e X
Mul l i d a e X X
M u r a e n i d a e X X X
Po m a c e n t r i d a e X X X
Scaridae ? X X X X X X X
S c o rpaenidae X
Siganidae X X X X X X
Sphyraenidae X
S y n o dontidae X X X X
T e raponidae X
Tetrad o n t i d a e X X X
Trichi u r i d a e X
Sectors: 1 - western branch from southern shore to southern tip of Kanatea I.; 2 - western branch, Kanatea I. to 
Nukuhetulu/Ma’ofanga narrows; 3 - Fanga Kakau lagoon; 4 - eastern branch, southern area from Vaini to Holonga 
narrows; 5 - eastern branch, Holonga narrows to Mu’a; 6 - eastern branch, entrance to Fanga Kakau lagoon and 
north of Mu’a to southern tip of Nukunukumotu I.; 7 - lagoonal entrance, southern tip of Nukunukumotu to Niutao 
point.
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(Ducula pacifica pacified), once abundant, have become very rare. Prior to the destruction of roosting 
environments in the mangrove swamps, they were caught on platforms specially erected there (cf. chap­
ter 7). Traditionally these pigeons would migrate from Samoa to Tonga (October) and back (March). 
This, however, ceased with excessive predation. The island of Niuafo’ou has an apparently endemic 
bird, a megapode (Megapodius pritchardii), which, based on some archaeological data from Ha’apai (see 
chapter 3), is likely to have had a wider distribution in Tonga.
Though not strictly members of the avifauna, fruitbats (Pteropus tonganus tonganus) are mentioned 
here. They are traditionally abundant at Kolovai in the western area of Tongatapu but have established 
breeding populations in other parts. At night they are to be seen foraging all over the island.
Marine
The extensive reefs to the north of Tongatapu provide abundant fish. The marine fishes present in Fan- 
ga ’Uta lagoon are summarised in table 1.7 (for greater detail see SS-X). Turtles (Chelonia mydas, 
Eretmochelys imbicata) once occurred frequently in Tonga and are still caught. Migrating whales, espe­
cially grey (Eschrichtius robustus), sperm (Physeter catodon) and humpback whales (Megaptera novae- 
angeliae), appear in Tongan waters from July to October. Whale was taken occasionally when washed 
ashore; it provided both meat for consumption and bones (and teeth) as raw material for implements and 
ornaments (Martin 1817; Reeson 1985:167-168); whaling developed only in European-contact times, but 
has declined recently (British Colonial Office 1959; Ruhen 1966; Straatmans 1954: fig. 10).
Shellfishing, traditionally done by women, exploits a wide variety of shellfish on the reefs, the 
sand- and mudflats and in the lagoon. The dominant species sought are arc shell, venus cockle, mud 
clams and turban shells (for habitats, scientific and Tongan names see table 1.8). Other seafood 
exploited comprises crabs, sea urchins, sea cucumbers and sea weed-like sea grapes.
Domestic fauna
All domestic animals were introduced by humans at various stages in the Tongan past: chicken, dogs and 
pigs were brought by the early Polynesian settlers or at later stages10); cats, ducks, turkeys, goats, 
l0hhe  archaeological evidence will be discussed in subsequent chapters.
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Table 1.8: Habitats of the major shellfish species exploited onTongatapu
Scientific name Common Name Tongan name General habitat Detailed habitat on Tongatapu (1987)
BIVALVIA
Gafrarium tumidum sheltered areas, Northwestern coast, in mangrove area from Fo'ui to west of Sopu, not at the
Gafrarium gibbiosum 
Gafrarium pectinatum
Venus shell to' o lagoon, mangroves, 
and in brackish water
unsheltered Nuku'alofa waterfront. 
Longoteme/Mu'a. No longer occurs in the
Inner lagoon from Nukuhetulu to
Pea sector.
Anadara antiquata 
A nadara cornea
Arc shell kaloa'a sand flats with free 
access of sea water
Sandy reef flats, especially sandflats north of Fatai and west of Kolovai and 
sandy patches on reef3, especially Makaha'a, Monuafe, 'Onevai.
Ostrea sandvichense Coral oyster sio reefs, Acropora thickets Reefs only, especially 'Onevao/'Oneva
Nukuleka/Maka'unga, not very common.
i area, and lagoonal entrance off
Chama iostoma Jewelbox shell fai'ahu reefs Reefs off Nuku'alofa, mainly N and NE re 
Nuku reef complex).
efs (Pangaimotu, Makaha'a, Velitoa to
Vasticardiurn spp. Coconutgrater
cockle
to'iha sand flats Sandflats and sand patches on reefs, especially Velitoa to 'Onevao, and northern 
margin of sand flats off Fatai.
Periglypta puerpera Hardshell clam tu'ulalo muddy sand/brackish Sandflats, especially Velitoa to 'Onevao, 
Fatai
and northern margin of sand flats off
Modiolus agripetus Mangrove mussel kuku reefs, mangroves Reefs, mangrove areas, but not in the inner lagoon.
Quidnipagus palatam Mud clam mehingo mudflats Inner lagoon, mainly at Folaha and at Nu kunukumotu.
Atactodea striata Striated clam ohule sand and mudflats Sandflats and sandy mudflats off Kolov< 
Patangata in the NE. Mainly collected by
si, Fatai and Sopu in the NW and off 
children.
Pinctada ?maculata Pearl shell tofe sandy bottom areas Sandflat areas, mainly E of Pangaimotu, between that island and Manima/Oneata
GASTROPODA
Turbo chrysostomus Turban shell topulangi reefs Liku coast, reefs and rocky shore islets off Nuku'alofa.
Turbo marmoratus Turban shell 'elili reefs Mainly liku coast, reefs and rocky shore islets off Nuku'alofa.
Polinices spp. Moon snail hihi intertidal Liku coast, reefs and rocky shore islets off Nuku'alofa.
Lambis Iambis Spider conch anga anga reefs Reef flats off Nuku'alofa, mainly N and N 
to Nuku reef complex). Also at Polo'a an
E reefs (Pangaimotu, Makaha'a, Velitoa 
d Tufaka in the NW.
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cattle and horses have been repeated European introductions. Europeans also quickly replaced the indigenous 
pig and chicken populations by imported European stock, which is usually bigger and fatter.
Conclusions
As has been shown in this chapter, environmental conditions put some stress on the prehistoric 
population and required some responses. Natural disasters, such as earthquakes, volcanic eruptions and 
cyclones, are frequent occurrences. On the larger and more populous limestone islands, such as 
Tongatapu, Ha’apai and Vava’u, volcanic eruptions have had little effect on people. Due to the 
suitability of Tongan houses, earthquakes, although very frequent, caused little damage. The most 
serious disasters are cyclones and tropical storms, occurring approximately once every two years, 
which can severely disrupt the food supply.
Since the soils are of different quality, we can expect gardening to concentrate on the better ones, 
such as the Lapaha soils (Widdowson 1977) in the southeast of Tongatapu. The rainfall is very 
erratic. Because of reduced evapotranspiration due to a lower average temperature, the southeastern 
area of Tongatapu is favoured over other parts.
The environment described in this chapter obviously refers to the present situation. In the past 
aspects of the environment might have been different. While this applies less to the frequency of 
volcanic eruptions, earthquakes and tsunamis, it is relevant to cyclones, as the cyclone belts are 
known to shift depending on the temperature regime in the Pacific.Most importantly, it applies to the 
coastal configuration of the islands, due to changes in relative sea-level. Before we investigate the 
settlement and subsistence patterns of the earliest settlers, let us first close look at the 
development of the Holocene shorelines, to show that the environment at the time of settlement 
differed markedly from that of today.
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CHAPTER 2
THE HOLOCENE SHORELINES OF TONGATAPU
Changes of relative sea-level had a profound impact on the environment, with consequences both for 
the prehistoric people and for the archaeologist investigating the past. Late Pleistocene and 
Holocene sea-level changes have been held responsible for the movement of human populations into the 
Pacific (c/. Bellwood 1987) and Holocene sea-level changes have caused the submergence of ar­
chaeological sites and thus their disappearance from the archaeological record {cf. Green & Richards 
1975). In other instances, former shoreline settlements are at present higher up the shore and today 
may be well inland (e.g. Malo I. [ibid.]\ Niuatoputapu [Kirch 1978]). As Holocene sea-level changes 
have been shown to be of relevance for the understanding of Samoan (Green & Richards 1975) and Fijian 
prehistory (Best 1984; F.Clunie, pers. comm.), as well as that of some Tongan islands (Niuatoputapu: 
Kirch 1978), the Holocene sea-level history of Tongatapu warrants investigation. The evidence for 
Holocene sea-level change relative to Tongatapu will be discussed below and a dating framework will be 
advanced in order to develop a sequence of events.
PREVIOUS WORK 
In the Pacific
Holocene sea-level changes in the Pacific have been debated for some time. The notion has been ad­
vanced (Hopley 1987) that the modem relative sea-level was achieved prior to -6000/6500 BP in 
Australasia and -5000/6000 BP in the equatorial Pacific. The relative sea-level at its maximum was at 
least locally 1.0 to 1.5m higher than today and has subsequently fallen smoothly until the present 
day. It seems as if the Holocene relative sea-level maxima date between -6000 and 5000 BP in 
Australasia (Hopley 1987), but later in the Pacific Basin, dates being 4000 BP for Kiribati and Tuvalu 
(Schofield 1977; Marshall & Jacobson 1985), -3500 to 2000 for Eniwetak (Buddemaier et al. 1975), -4050 
BP for Bikini (Tracey & Ladd 1974), -5400 to 3000 BP for the Cooks (Yonekura et al. 1983, 1984), -3900 
to 3500 BP for the Line Islands (Kiribati; Tracey 1972), -3500 to 3000 BP for the Society Islands
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(Montaggioni & Pirazzoli 1984) and 6000 to 5500 BP for the NW Tuamotus (highstand lasting until 1200 
BP; Pirazzoli & Montaggioni 1986). Dates advanced for Tonga are -6500 to 5500 BP (see below). All 
these dates rely mainly on coral reef formations elevated relative to land.
In Tonga
Ladd and Hoffmeister (1927) described a raised coral reef on ’Eua, which is 1.0m above HWL. Steams 
(1971) assumed this shoreline to be related to a temporary highstand during a late Pleistocene 
interglacial or interstadial. This raised reef, however, was dated by Taylor, using 14C and 23aTh/ 
234U dates, at 7250-7170 cal BP (6315 + 105 BP*; 1-9818)° and 5700 + 500 BP (LDGO-1406a) res­
pectively. In discussing the shorelines of ’Eua and Tongatapu in view of the other Tongan islands 
investigated by him, Taylor concluded that this shoreline may be the result of tectonic uplift rather 
than sea-level change, since the other islands did not show any evidence for a raised reef or beach at 
the 1 or 2m contour (but see below). Woodroffe (1983) identified raised corals on some islands of the 
Ha’apai group and dated several coral heads on raised Holocene reef terraces (5990 + 60 BP* [NZ-6134] 
and 5790 + 60 BP* [NZ-6136]).2)
On Tongatapu
Most conclusions arrived at for the ’Eua sequence have been usually applied to Tongatapu, on the 
assumption that for the Pleistocene both islands had performed conformably (Hoffmeister 1932). 
However, it was not until Taylor’s (1978) investigations that this could be proven. The reconstruction 
of the shorelines followed three different approaches: the identification of raised coral reefs, the 
identification of wave-cut solution notches and the analysis of the soil pattern. Of most relevance
°  Laboratory number is quoted after the Teledyne dateiist (Buckley & Valdes-Pages 1981), not after (Taylor 1978).
For the detailed assessment and new calculation of C dates see SS-XII. If not mentioned otherwise, a newly 
calculated age is quoted, based on the laboratory supplied dT4C value and a 8 13C value of -1.5 + 2.0%o for marine 
carbonate, unless measured specifically. An ocean reservoir correction factor of 240 years has been subtracted. 
Where appropriate, a further factor of 240 years has been subtracted to account for the hard water effect. The 
environmentally corrected dates are given in BP*, as recommended by Polach (1987). Dates have been calibrated 
with the program CALIB by Stuiver and Reimer (1986), using the environmentally corrected date and the 20 years 
athmospheric record and quoted as ‘cal BP’.
Chapter 2: The Holocene shorelines • 31
2 .5 N orth Coast Lagoon
T ongatapu Pea Sector M iscellaneous
2 . 0
0  -  storm surge during 
C yclone ‘Isaac’
1 .5
•  HAT
> M HW S •  aS useci *n StU(*y
— •  M H W N
•  HAT
1.0
•  M H W S •  Lands & Survey benchmark
‘A stroblock’
•  Lands & Survey MSL
•  M SL (used in old  reports)
0 .5
•  M SL
•  M LW S
0 British Admiralty Chart Datum
--------------------------------------------------------------------------------— -----------------• -------------------------------------
•  M LW S
Figure 2.1:
Tidal values forTongatapu. Abbreviations: HAT - Highest astronomical tide; MHWN - Mean high-water 
level at neaps; MHWS - Mean high-water level at springs; MLWS - Mean low-water level at springs;
MSL - Mean sea-level.
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to the discussion of Holocene sea-level changes on Tongatapu are the corals found beneath the streets 
of Nuku’alofa and at Kolonga on the northeast coast, since they are well dated.
Identification o f raised coral reefs
Raised microatolls were first noted in the Nuku’alofa area by Labilladiere in 1793, who remarked that 
the sea-level must have been higher at one stage (Labilladiere 1800: II 154). In the streets of 
Nuku’alofa large coral heads were first identfied by Lister in 1890 at and slightly above street level 
(1891:614). Bourrouillh and Hoang (1976) sampled them in 1974, by which time the street level had 
been raised so that they were at a depth of 0.8 m. They provided 23aTh/ 234U dates for a coral head 
(table 2.1), giving an age of 6200 + 300 BP; an older part of the same head was dated to 7600 + 800 BP 
(no laboratory number provided). Taylor (1978) resampled these coral heads in 1976 when excavations 
during local building works exposed them again. Dates derived from coral heads apparently from the 
same locality as sampled by Bourouillh and Hoang (locality TPU-L), as well as another locality about 
200m south (TPU-AT), confirmed the earlier dates (see tables 2.1 & 2.2). The corals in Nuku’alofa are 
Porites lobata and Acropora sp.. The Porites microatolls are in growth position, resting in a weakly 
cemented calcarenite matrix, and measure up to 2m in diameter. Branching Acropora corals and 
articulated Tridacna clams with their fragile surface features intact argue against reworking (Taylor 
& Bloom 1977). As Taylor shows, these corals originally occupied an inlet to the lagoon which is now 
completely silted up. Figure 2.10 shows the topography of Nuku’alofa based on recent surveying work, 
where the old entrance can readily be identified by the contours. The tops of the coral heads in 
question are between 0.5 and 0.8m above present sea-level (HWL).
At Kolonga on the northeast coast the Holocene corals rest on an older reef terrace (locality TPU-N). 
Porites lobata microatolls and coral heads, Acropora sp. and articulated Tridacna valves are 
identified again in a weakly cemented calcarenite matrix, which is overlain by about lm of beachrock. 
The top of the beackrock is littered with rubble from fossil Porites, Acropora and Tridacna. A 14C 
date from a Porites head directly under the beachrock yielded a corrected age of 6195 ± 110 BP* (I- 
9819), indistinguishable from the ages obtained for the coral heads in the streets of Nuku’alofa. The 
tops of the Porites heads are again about 0.8m above HWL.
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Based on the evidence from Nukualofa and Kolonga, Taylor argued for a relative fall of sea-level of 
a magnitude of 2.2 + 0.3m (0.8m elevation of the corals plus a tidal range of 1.4m [at springs]).
Taylor explains the raised elevation as due to three possible causes: that Tongatapu has undergone 
tectonic uplift; that eustatic sea-level has changed; or that isostatic emergence of the southern Pa­
cific has taken place. Both Bloom (1980, Taylor and Bloom 1977) and Taylor (1978) tentatively conclu­
de that as no other island on any other of the morphotectonic blocks of the Tongan frontal arc shows 
features of emergence, Tongatapu and ’Eua have emerged due to tectonic uplift. However, Hopley 
(1987:396) argues in his recent review that it is due to isostatic emergence.
The northern shoreline of Tongatapu is littered with loose Porites heads and Zann (1984) identified 
them on the margins of the central lagoon. Here they again occupy a position above HWL, but it is 
unclear from his description whether they were redeposited during storms or were still in 
growth position. He interprets the area in which he found them as uplifted by a recent earthquake, 
but as no other evidence supports this conclusion, and as his description is poor, this evidence is 
discounted in the present study. Similar coral heads were seen by the author to the east of Popua, at 
an elevation of about 0.4 to 0.5m above HWL, resting in growth position in a sandy substrate, which 
was partially concreted to beachrock. Woodroffe (1983) observed similar coral heads to the northwest 
of Nuku’alofa (off Sopu) and sampled one of these, apparently in growth position 0.53 cm above HWL, 
which yielded an ocean reservoir corrected 14C age of 4250 + 60 BP* (NZ-6137).
The raised microatolls observed in the streets of Nuku’alofa obviously pose some methodological 
problems. As they are now below street level, they are exposed only occasionally in small excavation 
trenches for construction purposes. Although they were observed to be in ‘growth position’, it is 
possible that some of them are not in situ but have been displaced over large distances. Only Taylor 
gives any positive indication that the corals dated by him were not dislocated. As the street level 
has been partially raised in the recent past, the old micro-topography of the area has become 
obliterated. Any serious and detailed assessment of the effect of possible moating thus is rendered 
impossible. Although Porites corals live usually only up to the mean low-water level at springs
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(MLWS), they can live to a much higher elevation in moated tidal pools or lagoons. Up to 0.8m height 
difference has been reported (Scoffin & Stoddart 1978; McLean e: al. 1978; Pirazzoli & Montaggioni 
1986). To control for this, the assessment of relative sea-level change should ideally rely on 
unmoated reef transects with the levelling conducted in relation to the heights attained by living 
Porites corals under similar environmental circumstances. To date, no levelling of living Porites has 
been undertaken on Tongatapu. The moating of the present Fanga ‘Uta lagoon {cf. figure 2.1) is 0.75m 
(MLWS in the lagoon above MLWS in the open sea).3)
Wave-cut solution notches
Ladd and Hoffmeister (1927) working on the Ohonua formation of ’Eua described the southern reef plat­
form of Tongatapu, now about 3m above HWL, and argued for a relative fall of sea-level at an undefined 
point in time. Taylor (1978) also discussed these platforms and the wave-cut solution notches on the 
southern liku coast. Solution notches are undatable, as the coral debris found in them obviously 
provides a terminus ante quem only (such as the 230Th/2:,4U date LDGO 1406G [3000 ±  400] for locality 
TPU-I) and is bound to create misleading results unless an in situ reef has grown subsequently in the 
notch. Though the Tongan notches, however, cannot provide any conclusive evidence as to the time of 
their formation, they may well provide evidence for the maximum relative sea-level attained.
Taylor identified two series of solution notches, those above and those below 6.6m above HWL. At 
locality TPU-Z (see figure 2.2) he could identify a narrow terrace on top of which a solution notch is 
visible, which he attributes to the last interglacial palaeo-sea-level highstand at about 135 ka BP. He
3) Apart fforr^^moating, the lagoon also presents a problem in dating. In a recent study Pirazzoli et al. (1987) 
show that the 14C dates of modern living corals on Reao Atoll, Tuamotus, French Polynesia, living in the lagoon 
were 440 + 70 years younger than those living outside the lagoon. For Tongatapu a detailed assessment of the 
carbon pool is in progress. Modem (1926) reference shells living in the lagoon (Gafrarium sp.) and on the outer 
reef flats (Anadara sp.) have been dated. The shells in the lagoon were about 240 older than those outside, due 
to the hard water effect caused by the dissolution of fossil carbonates in the limestone formations. For a 
detailed analysis see SS-XII.
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Figure 2.2: Wave-solution notch height onTongatapu (in m above HWL). After Taylor 1978:148 fig. 34.
notes a lack of evidence of tectonic uplift of Tongatapu in the last 200 ka BP, so attributes all 
notches above 4.2m to a Pleistocene sea-level. Discounting these notches, two distinct series are 
discernible, one at about 2m above HWL and the other between 3 and 3.7m. Given their clear-cut and 
‘fresh’ appearance, it seems very unlikely that these notches would have survived intact from the 
Pleistocene highstand and are thus likely to be of Holocene date. This could indicate a maximum 
Holocene highstand of 3.7m above HWL, but, as Taylor points out, considerable height variation (up to 
1 m) can exist on one and the same continuous notch on Tongatapu. In conclusion we can say that, while 
the likelihood of a Holocene highstand of -2m above present HWL is supported by the evidence of 
notches, a higher sea-level, possibly as much as 3.7 m, may have occurred.
Observations vs. predictions
In their widely quoted numerical modelling of postglacial sea-levels and the effects of global iso- 
stasy and gravitational equipotentiation of the hydrosphere, Gark et al. (1978) calculated Holocene 
sea-level curves for various parts of the Indian and Pacific Oceans. For Tongatapu, lying 21°5'S, their
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Figure 2.3: Coastal morphological and sea-level relationships of the various age indicators employed.
Abbreviations: MHWS - Mean high water level at springs; MLWS - Mean low water level at springs; MSL -
Mean sea-level.
calculation for latitude 22° S (ibid. 284 Fig. 21.) suggests a steep rise in relative sea-level until 
5000 BP to a maximum of about 0.75m above present (Figure 2.4). As can be seen from the plotting of 
the actually observed heights discussed above, the predicted sea-level curve lags behind the 
observations. The observed sea-level maximum was reached -1000 BP* years earlier than indicated by 
Clark et al. 1978. The dated corals are at a consistent height of 1.2 to 1.5m above present MSL, which 
is 0.5 to 0.8m above the mid-Holocene MSL predicted by Dark et al.. As unmoated corals only grow to 
about MLWS, the actual MSL will in fact have been up to 0.7m higher, given the tidal range, provided 
that moating has not occurred. The observations therefore indicate a mid-Holocene high sea-level up to 
2.2m above present, or 1.5m higher than predicted by Clark et al., and at about -6000 BP* (-7000 cal 
B P ), some 1000 (2000 cal) years earlier.
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Figure 2.4: Predicted Holocene sea-level cun'e for 22°S (after Clark et al. 1978:284 fig. 21). The 
dots indicate the actual data based on coral heads as discussed in the text. The dates are given in 
absolute (calendric) years BP. The dots indicate the intercept with the calibration curve and the 
horizontal bars give the range based on la . A survey uncertainty of + 0.05m is included.
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The sea-level curve for 22US as predicted by Clark et al. shows a mid-Holocene highstand and a 
subsequent rapid fall, followed by a smooth levelling out (figure 2.5, curve 3). Nakada and Lambeck 
(1988) observing the development of the Antarctic ice-sheet, however, have predicted that following 
the mid-Holocene high sea-level the relative sea-level would have fallen smoothly throughout This 
prediction is in complete agreement with the smooth fall of relative sea-level observed at a large 
series of microatolls at the northern Great Barrier Reef (Chappell et al. 1983:229). Here the sea- 
level highstand occurred about 1000 years earlier than predicted by Clark et al. (figure 2.5, curve 
2). While the chronological placement of the mid-Holocene high sea-level at the Great Barrier Reef 
nicely matches the Tongan data set, the latter indicates an almost one metre higher sea-level. If we 
assume that the relative sea-level in Tonga would have fallen smoothly, we would expect a curve 
similar to that shown in figure 2.5 (curve 1). Let us test this model using the sea-level data 
gathered in the course of the 1985-1988 fieldwork.
Table 2.1.: Radiocarbon results on the Nuku’alofa formation, Tongatapu. Dated are Anadara shells and 
Porites lobata and Acropora sp. corals For localities refer to Figure 1.4. Corrected age: age 
includes the following corrections: 12C/ 3C fractionation, oceanic reservoir effect correction and 
correction for the hard water effect (where applicable). Calibrated age: corrected age was calibrated 
using the curve (20 year record) for atmospheric carbon (Stuiver & Reimer 1986). For details on 14C 
dates see SS-XII.
Material Metres Corrected Calibrated Age BP
Locality Lab. No. dated ab. HWL Age BP* Maximum (Intercept) Minimum
TO-Pe-21 ANU-572 9 Anadara 1.0 5440 + 80 6307 (6287) 6184
TO-Pe-21 ANU-5730 Anadara 1.0 6170 + 80 7182 (7104) 6952
TPU-AN-1 1-9819 Pori tea 0.8 6195 + 110 7241 (7162) 694 9
TPU-AT-T 1-9820 Porites 0.5 6285 + 110 7289 (7187) 7095
Tonga/fW5 NZ-6137 Porites 0.53 4250 + 60 4866 (4846) 4657
Notes: Laboratory number 1-9820 quoted after official Teledyne dateiist (Buckley & Valdes-Pages 1981), not after 
Taylor (1978).
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Figure 2.5: Comparison of three sea-level curves after the mid-Holocene highstand. 1 - model curve 
proposed for Tongatapu; 2 - curve for the Great Barrier Reef, based on microatolls (Chappell et al. 
1983). 3 - curve predicted for22°S by Clark et al. 1978.
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THE H A ’ATEIH O AUGERING SURVEY
In order to investigate the effect of changing shorelines on the detailed study area at the south­
western shore of the western branch of Fanga ’Uta lagoon, two geological transects were laid out per­
pendicular to the shoreline, one at H a’ateiho, consisting of 19 test pits, and a shorter, more widely- 
spaced one at Fea, consisting of only six pits. The work was carried out in collaboration with David 
Tappin, then Tongan Government geologist.
Table 2.2: 23aTh/234U age determinations on the Nuku’alofa formation
Material Height
Locality Lab. No. dated above HWL Date BP
TPU-Q 71) Acropora2) ? 910 0  + 700  
T P U - L / a - 2  LDGO i 4 0 6 h  Porites 0 . 5 m  590 0  + 400  
TP U-L /b  ? f  Porites« 0 . 8 m  6200  + 300  
TP U-L /b  ? 1} Porites'5'*. 0 . 8 m  7 6 0 0  + 800  
T P U - I - 1  LDGO 1406G AcroporaJ) 2 . 5 m  3 0 0 0  + 400
Notes: LDGO - Lamont-Doherty Geological Observatory, Palisades, New York. 1 - Dates without laboratory numbers 
are taken from Bourrouillh & Hoang 1976); 2 - dated is cemented coral rabble which could have been deposited at 
any point in time after 9100 BP; 3 - dated is loose coral rubble lying in a sheltered position i an elevated 
wave notch, 2.5m above HWL; this date gives a terminus ante quem only.
The pedological evidence
The pedological maps for Tongatapu indicate two basic types of soils: those developed on tephras and 
and those developed on marine deposits (c/. soil descriptions in Cowie 1980; Gibbs 1976; Orbell 1983). 
The soil map (Gibbs 1972) shows that most of the Nuku’alofa peninsula consists of the latter deposits. 
The lack of tephra in these areas may indicate that the tephra was deposited at a time when these 
areas were permanently or semi-permanently (intertidally) under water or that the tephra has sub­
sequently been stripped. Based on the degree of weathering, the younger tephra showers are estimated 
to have fallen between -5000 and -10,000 BP (Orbell 1977a, 1977b).
Duphom (1981) investigated several construction holes in the streets of Nuku’alofa, one beneath 
Sanft’s Teatre on the main road, south of and directly adjacent to Site TO-Nu-22 discussed further
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Figure 2.6: Pedological map of the southwestern shore of the Pea sector of Fanga ’Uta lagoon. A - 
Fahefa soil; B - Vaini soil; C - Sopu soil, loam phase; D - Sopu soil.
(after unpublished soil map kept at the Vaini Agricultural Research Frm).
below. Duphom, while agreeing with Taylor’s identification of a former lagoonal entrance in the 
streets of Nuku’alofa, says, however, that the tidal currents were ‘apparently strong enough to erode 
the reef platform and to shift the erosional debris into the lagoon. A few metres of erosional deepe­
ning can be estimated, because most of the former Terra fusca soil ... once covering the whole area, 
has been removed by the transgression, except for a few deeper karst caves filled with [it]’ (Duphom 
1981: 18). A personal inspection of some of these holes (see below), however, produced no evidence of 
any tephra deposits in deeper karst caves or cavities. The limited exposure of the coral reef also 
showed no evidence of heavy waterwashing or scouring, which could be held responsible for the alleged 
‘erosion’ of the reef platform.
The state of knowledge prior to the current investigations is indicated on the pedological map of the area 
(partly reproduced in figure 2.6), which shows the southern area covered with (the older) Vaini soil, 
while the northern area is covered with Fahefa soil, both of tephric parent material. A deposit of 
marine-derived Sopu soils is located along the shoreline, attaining a maximum width of about 500 m.
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Figure 2.8: Ha’ateiho augering survey. Profile of the Pea transect. (Vertical scale exaggerated at 
10,000:1). Insert: location of site TO-Pe-1 (B) and the transects at Pea (A) and Ha’ateiho (C).
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Most of the Sopu soils belong to the loamy phase, with a small elongated pocket of sand (Sopu soil, 
sand phase) located at the southwestern distribution area of the marine deposits. Given the location 
of this sand pocket, directly opposite the former lagoonal entrance at Nuku’alofa, it is likely that 
it was formed as an active beach. The 5m contour outlines the extent of the ’Utulau formation, which 
has been dated to 135 ka BP (c/. table 1.1), equivalent of the last interglacial sea-level highstand. 
This formation can be easily recognised at the northwestern and southeastern end of the Pea-Ha’ateiho 
area, where it forms a distinct scarp. In the central section, near Tokomololo village, the scarp is 
less clearly defined.
The Ha’ateiho transect
A series of test pits running perpendicular from the lagoonal shore to the clearly identifiable scarp 
of the ’Utulau formation was dug in Ha’ateiho village following two roads. The test pits could not be 
sunk to the same level below HWL (for lagoonal HWL see figure 2.1) because of locally varying condi­
tions. Usually a 0.5 by 0.5m pit was dug down to or well into the groundwater lens. Thereafter a 1.4m 
core auger of 25 mm diameter was used. All holes were plotted on the best-fitting central axis, run­
ning at N39°E. The profile of the Ha’ateiho transect is shown in figure 2.7.
Description
At the bottom of the two deepest augering holes of the profile (#12 and #18) a tephra (assumed to be 
Lapaha soil) was exposed, overlain by a compact grey-olive clay. This in turn is overlain by a younger 
tephra (identified as Vaini soil), which also covers the exposed coral reef on the landward (southern) 
side of the profile. On the seaward side coarse coral sand with inclusions of Anadara antiquata and 
Pinctada ?maculata shells rests upon this tephra. The state of erosion of the shells and the particle 
sorting of the sand indicate an open-water environment exposed to wave action of, however, only 
moderate strength, as most shells appear not to be rolled and some were still articulated. This 
beachsand, the top of which is ~0.9m above lagoonal HWL (the lowest value for the old surface is 
used), was deposited in two beachridges, which reach up to 1.6m above lagoonal HWL; these are
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indicated in holes #9/17 and #11.4) An Anadara antiquata shell sample from this layer (from hole #12) 
has been dated to 6220 + 90 BP* (ANU-5730). Test-pit #12 was dug through a prehistoric house mound 
(site TO-Pe-21). Another Anadara shell sample, originating from a construction layer of the mound 
higher up the stratigraphy but also ultimately stemming from the beachsand in question, has been dated 
to 5530 + 90 BP* (ANU-5729). On the landward side behind the second beachridge a solid black clay is 
deposited on top of the coarse sand, indicating quiet water conditions. The top area of hole #18, 
which does not conform to this, is apparently disturbed by recent human activities. A sample of this 
black clay submitted for 14C dating has returned ages between 1170 and 640 BP* (ANU-6420).5^  On the 
old escarpment of the ’Utulau formation the tephra of the Vaini soil is overlain by the youngest of 
the three tephras, the Fahefa soil.
Interpretation
In terms o f sea-level change the following sequence of events can be suggested. The oldest tephra 
(.Lapaha soil) is overlain by a clay sediment, which could be marine or non-marine. If it is marine, it 
would indicate open but quiet water conditions; if it is a non-marine deposit, i.e. a mangrove 
(marginally marine) or freshwater mud, it indicates a protected shallow-water environment. In either 
case the clay dates to a phase of rising sea-level.6) The clay is overlain by a 1.5m-thick layer of 
Vaini soil, indicating either a fall of sea-level prior to deposition or a substantial ashfali into 
shallow water. If the clay is subaerial, then no fall of relative sea-level would be indicated.
4) The boundary between the bottom of the midden deposits of site TO-Pe-24 and the underlying coarse beachsand, 
as exposed in holes #9 and #17, does not necessarily reflect the actual height of the old beach. In fact ~0.30m 
can be added to allow for the vertical displacement of midden material caused by human trampling (c/. Gifford- 
Gonzales et al. 1985).
5> The NaOH soluble fraction returned an age of 1170 + 100 BP (ANU-6420b), the NaOH insoluble fraction one of 
640 + 200 BP (ANU-6420a). The observed age difference indicates that the sample is contaminated. Given the fact 
that the layer was capped by the construction of the archaeological house mound TO-Pe-21, it is likely that the 
contamination occurred during the time the house mound was erected. Slight disturbances could be noted at the 
upper margin of the black clay layer, which may indicate human trampling with soil mixing of the upper layer.
^  Theoretically it can also indicate rising groundwater level. However, since Tongatapu is a coral-limestone 
island with a freshwater lens (Ghyhen-Herzberg-lens) floating on top of the heavier saltwater, this makes no 
difference.
Chapter 2: The Holocene shorelines • 46
In view of the time span involved, the latter seems more likely, as it is not conceivable that a layer 
of mud (whether marine or non-marine) could have survived for 120,000 years since the last sea-level 
highstand. The substantial sand layer on top of the Vaini soil suggests rising sea-level and an active 
beach environment.
Over time two beachridges developed, on the protected side of which a clay deposit was formed. The 
fact that the Fahefa soil overlies the Vaini soil on top of the scarp, though none of the former can 
be observed on top of the Lapaha soil or the beachsand in the low lying areas, suggests that the 
Fahefa tephra was deposited at a time when sea-level was high. The ash falling into the water was 
washed away. It is disconcerting that, while the Fahefa soil reaches a thickness of over 1.5m above 
the scarp, it is not visible in the area between the scarp and the beginning of the sandy area and 
that the thickness of the topsoil in the area in question reaches only 0.40 m. However, the youngest 
tephra has been shown to have a greatly varying thickness at the local level (cf Cowie 1980:279 fig.
2), and this is corroborated by my own observations in the Pea transect (see below). The formation of 
the beachridges must be later than the fall of the Fahefa tephra, as no Fahefa tephra was encountered 
in the stratigraphy. The layer of black mud was formed behind the beachridges which provided a 
sheltered environment. At this time the sea-level was either stable or already falling. The resulting 
sequence of events is as follows (for graphic display see Figure 2.9):
1) Deposition of Lapaha tephra
2) Rising sea-level and creation of shallow-water environment (olive-green clay)
3) Deposition of Vaini tephra
4) Rising sea-level and creation of an active beach
5) Deposition of Fahefa tephra
6) Creation of two beachridges
7) Falling sea-level ?
8) Formation of a clay layer in the depression behind the two beachridges
9) Fall of sealevel to its present height.
The Pea transect
To control for possibly localized phenomena affecting the results of the Ha’ateiho transect, a second 
series of test pits was dug in Pea, again running perpendicular to the shoreline {Figure 2.8).
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Description
The bottom of the deepest hole (#6) shows some olive-grey marine clay7), which is overlain by a thin 
layer of Lapaha soil. On top of this is a layer of olive-grey clay of possibly marine origin (the 
same clay as in the Ha’ateiho transect). This in turn is overlain by up to 1.5m of Vaini soil. On top 
of the scarp (hole #5) and near to it, a deposit of Fahefa tephra can be identified, which reaches 
~2.5m in thickness on the scarp and lm below it. None of this could be identified in the four 
shoreward holes. In hole #2 the Vaini tephra is overlain by a layer of coarse-grained sand reaching 
1.2m above lagoonal HWL. The extent of this sand layer on the landward side was not thoroughly inves­
tigated. The upper portion of the soil profile of hole #3 consists of midden and other anthropogenic 
deposits.
Interpretation
The event sequence exposed by this transect is so similar to that described for the previous one that 
only the differences need to be highlighted. The bottom of hole #6 showed some marine clay, which 
indicates another (temporarily?) higher sea-level before the Lapaha tephra was deposited. In the Pea 
area no beachridges were formed. In view of the situation of this profile in relation to the former 
marine passage beneath the streets of modem Nuku’alofa (see below), a beachridge is hardly to be 
expected, as Pea is not in the direct line of onshore waves. The vast difference in thickness of the 
Fahefa tephra between the three holes #6 (nil), #4 (1.15m) and #5 (2.45m) over a distance of only 200m 
underlines the great variability in tephra thickness.
The evidence of site TO-Pe-1
Geographically intermediate between the two transects discussed above is the Early Lapita shell mid­
den, site TO-Pe-1, which was excavated by Poulsen in 1963/64 (Poulsen 1987: 114-23; his site To.l). In 
his main trench (trench I) Poulsen encountered three distinct subsoil formations (A-C), samples of 
which were submitted for analysis to Crook (1987:268). Formation A, located at the northern, lagoon,
7) This clay contained some very small bivalves. As no freshwater molluscs are known from Tongatapu, it is 
assumed that it is a marine clay.
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Figure 2.9: Predicted Holocene sea-ievel curve for 22°S (after Gark et al. 1978:284 fig. 21) and 
event sequence at Ha’ateiho. The dots indicate the actual data discussed in the text. The dates are 
given in absolute (calendric) years BP. The dots indicate the intercept with the calibration curve and 
the horizontal bars give the range based on 1g . A survey uncertainty of + 0.05 m is included.
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side of the trench, was interpreted as of marine origin. It consisted of yellowish clay, intermixed 
with sand and having few potsherds trampled into the subsoil. This soil was identified as having 
accumulated in a ‘shallow protected salt-water environment ... a shallow tidal lagoon’ (ibid.). It is 
possible that part of the area was closed off by one or more sandbanks or sand/beachridges, similar to 
those at Ha’ateiho, creating quiet conditions. Formation B, at the southern, landward, side of the 
trench, was an orange volcanic ash-derived soil. Underlying these two formations was another soil 
derived from volcanic ash. From the description given by Poulsen and Crook it seems as if the 
stratigraphy of TO-Pe-1 represents the Vaini soil underlying a coarse beachsand deposit in the north 
and the Fahefa soil in the south. In addition, it seems that Poulsen hit the very shoreline. 
Unfortunately no accurate levelling data exist, rendering a detailed comparison with the Ha’ateiho and 
Pea transects impossible. Poulsen (1987: II Figure 3) gives a level of -1.05 to 1.10m (above HWL?) for 
top of the Fonmation A, which is said to be 0.40m thick (ibid. 1987:1 16).
In order to tie these observations into the present survey, two test pits were sunk at site TO-Pe-1, 
which by the scatter of pottery and shell is more extensive than shown by Poulsen. Since the main part 
of the site is a grass-covered school play- and sportsground, it was impossible to put a test pit 
right in the centre of the site, where Poulsen’s trench I was located. The pits were sunk at its wes­
tern margin. The columns (Figure 2.9a A-B) show Vaini soil overlying either coral limestone (Column A) 
or a layer of organic material in a grey matrix. This layer, which is interpreted as the old 
vegetation horizon before the fall of Vaini tephra, contained numerous very well preserved plant 
remains, such as leaves and twigs. No coral-sand deposits comparable to those encountered by Poulsen 
were found. A sample of the vegetable matter was submitted for 14C dating and returned ages between 
890 and 1770 BP* (ANU-6455), which is regarded as too young and thus contaminated.8^
Q \
Three individual determinations have been provided for sample ANU-6455. The initial assessment (ANU-6455a) 
yielded an age of 1100 + 70 BP* for the coarse matter, for the NaOH insoluble fraction (ANU-6455b) of the fine- 
sieving fraction an age of 1770 + 180 BP was received, while the NaOH soluble (humic) fraction (ANU-6455c) 
returned an age of 890 + 210 BP*. A discrepancy so large is seen as evidence that the sample has been 
contaminated with more recent carbon. In the absence of any visible breaks in the profile and any root 
disturbances, the source for this carbon may rest in the ground water lens, in which the vegetation sample was 
immersed. Without further field testing this issue cannot be resolved.
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Figure 2.9a. Various soil profiles. A-B: Site TO-Pe-1, Pea. C-E: Testpits, Small Industries Centre, 
Ma’ofanga. F-G: Larger exposures, Small Industries Centre, Ma’ofanga.
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Towards a geology of the Ha’ateiho area
The subsoil sequence in Poulsen’s main trench shows that the lagoon originally extended much further in­
land than today, probably as much as 600 or 700m. The soil sequences of the transects allow the follo­
wing reconstruction (compare Figure 2.9):
1) Deposition of marine clays, indicating a sea-level at about 1.5m below present
2) Deposition of Lapaha tephra
3) Rising sea-level and creation of shallow-water environment (olive-grey clay)
4) Deposition of Farin' tephra: apparently some of the buried vegetation preserved underneath the ash.
5) Rising sea-level and creation of an active beach at Ha’ateiho and Pea, dated to 5400-6200 BP*
6) Deposition of Fahefa tephra
7) Creation of two beachridges at Ha’ateiho and possibly one in the centre of Pea
8) Falling sea-level? ( if we assume a smooth linear fall)
9) Formation of a clay layer in the depression behind the two beachridges at Ha’ateiho.
10) Fall of sealevel to its present height.
In the overall sequence, it is quite possible that sea-level was rising all the time during events 1- 
6, but that the amount of tephra deposited caused a temporary increase in the height of land. This is 
supported by the fact that given the rate of erosion to be expected of a limestone topography elevated 
150m above that of the present (as would have been the case during the last glacial maximum), it is 
highly unlikely that the Lapaha soil dates back to the last interglacial sea-level highstand at 135 ka 
BP. The vegetable matter underneath the Vaini tephra at site TO-Pe-1, probably originating from
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vegetation destroyed by the ashfail, would permit dating the Vaini tephra, were it not contaminated 
with recent carbon.9)
IN V ESTIG A TIO N  OF TH E FO RM ER LAGOON ENTRANCE AT NUKU’ALOFA 
A second line of approach to the sea-level question was directed to investigating the former lagoonal 
entrance situated beneath the streets of modem Nuku’alofa. This consisted of utilizing the detailed 
contour levelling data available and investigating soil profiles exposed during construction activi­
ties in the area.
Results of the levelling survey
In the course of the Nuku’alofa Urban Sewerage and Drainage Project a detailed spot levelling10) of 
Nuku’alofa township was undertaken (Belz 1984). The individual level data were plotted onto air photo­
graphs at a scale of 1:1000. These data, kept at the local World Health Organisation office, were 
copied by the author onto another airphoto at a scale of 1:5000, which forms the basis of figures 2.10 
-  2 .12.
9) A major problem arises, however, as to the former relatioship to the sea-level of sites now located within 
the lagoon and the error margins to be applied (see figure 2.3). The question is whether to base these error 
margins on the tidal range of the lagoon or that at Nuku’alofa wharf. Given the fact that the shells found at 
site TO-Pe-21 derive from an active beach, it seemed justifiable to apply the error margin of the open sea (i.e. 
± 0.60m). In the case of date ANU-6455, on buried vegetation at site TO-Pe-1, the assessment of the Ha’ateiho 
stratigraphy has shown that the sea-level was rising. As the overall height of the layer is below modem sea- 
level, the environment must have been a lagoon of some sort, the MSL of which was 0.5m below present lagoonal 
MSL. Thus half the lagoonal tidal range, giving 0.15m, was applied, even though that due to increased moating 
the actual tidal range may have been even less. In the case of date ANU-6420, from the mud layer at site TO-Pe- 
21, it can be argued that it was formed during quiet conditions. However, it cannot be argued beyond reasonable 
doubt that the tidal range of the lagoon at that point in time was as low as it is today. Thus the tidal range 
of the open sea had to be used as an error margin, in spite of the fact that the margin was certainly less.
10^  The levelling was conducted with reference to a Ministry of Lands, Survey and Natural Resources datum. Belz 
(1984 Appendix; 1988) gives a lengthy discussion on the correlation of this datum to the Royal Navy chart datum 
and actual sea-level. The shorelines show-n in figure 2.9 are based on the old Ministry datum. 0.156m is to be 
added to each contour to arrive at the contours above the actual MSL. This discrepancy was discovered some time 
after the contours had been traced. Without going back to the original data, it cannot be rectified. Given 
small-scale variation in topography, I refrained from interpolating the contours above actual MSL. The levelling 
of site TO-Nu-22, as well as the test pits at the Small Industries Centre at Ma’ofanga, used the datum of the 
so-called Astro-block as a reference, which is 0.997m above Royal Navy Chart datum. High-water mean at springs 
is 1.34m above Chan datum, mean high water at neaps is 1.2m above chart datum. Again, the quoted elevations 
refer to MHWS.
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Figure 2.10: Height contours of the Nuku’alofa township area and topographic landmarks.
The closure of the lagoonal entrance can be well illustrated by a series of figures showing the sea- 
level lowered at 0.5m intervals, each representing a moment in the continuous fall of sea-level at an 
as yet undefined point in time (see below). To set the scene, the shoreline of the last interglacial 
sea-level highstand, equalling the ’Utulau formation, 3-5m above HWL, has been plotted in figure 
2.12a. A wide open passage is visible, flanked by a complex patchreef to the west (the core of 
which is Sia-ko-Veiongo [Mt.Zion]), which develops into a promontory at the 4m contour. During the 
Holocene highstand of at least 2.2m but possibly as much as 3.7m (see above), the initial situation 
must have been rather similar. On the leeward side, i.e. to the west of the promontory (figure 
2.12b), sandbanks were formed at the time the sea-level had again fallen to a height of 2m above HWL. 
When the sea-level had fallen to 1.5m above HWL, these sandbanks formed a narrow but continuous beach- 
ridge (chenier) and also extended to the east of the promontory (Figure 2.12c). Water exchange into
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Figure 2.11: Contour map of Nuku’alofa township indicating the location of sites mentioned in the text.
Dots: archaeological sites. Triangles: geological sites.
Fanga ’Uta Bay was still unrestricted. However, a continuing fall of sea-level to the lm marie. {Figure 
2.12d) created an entirely new situation: the western beachridge had expanded considerably and the 
sandbanks east of the promontory had enlarged and merged into larger units. The flow of water into 
the bay became restricted: high-energy waterflow directly from the north was no longer possible; all 
water came through the small inlets between the sandbanks and flowed along the predominantly east-west 
trending passage. This change in the direction of the waterflow must have caused a severe alteration 
of current patterns inside the bay. The southwestern coast of the present lagoon can be expected
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Figure 2.12: Evolution of the old lagoon entrance in the streets of Nuku’alofa.
A - The extent of the shoreline 5m (black) and (outlined) 4m above HWL, equalling the last 
interglacial sea-level highstand (the ’ Utulau formation after Taylor 1978)
B - The extent of the shoreline at 2m above HWL, indicating the Holocene highstand.
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Figure 2.12 (cf d): Evolution of the old lagoon entrance in the streets of Nuku’alofa. 
C - The extent of the shoreline at 1.5m above HWL.
D - The extent of the shoreline at lm above HWL.
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Figure 2.12 (ct’d): Evolution of the old lagoon entrance in the streets of Nuku’alofa.
E - The extent of the shoreline at 0.5m above HWL.
F - The present shoreline, before the reclamation and closure of Sopu Lagoon in 1951.
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to have experienced strong wave action from a northerly direction prior to the sea-level having 
attained a height of 1 m. After the sea-level had fallen to that level the currents must have assumed 
a more circular fashion, turning the area south of Kanatea Island into quieter waters. This is cor­
roborated not only by the bathymetry of the lagoon (Kimmerer 1984b: 12), but also by the pedological 
map of the southwestern shore (Figure 2.5), which shows substantial sand deposits (Sopu soil, sandy 
phase) which are bordered towards the present shoreline by loamy deposits indicating a quieter 
depositional environment (see also the coarse sand deposits encountered in the Ha’ateiho and Pea test 
pits). It can also be expected that the rate of silting-in would have accelerated at this stage. Once 
the sea-level had fallen to a height of 0.5m above HWL, the former passage was virtually closed off 
and no more water exchange took place.
Exposed profiles
Site TO-Nu-22
In the course of a development in Nuku’alofa several long foundation ditches were excavated, which 
provided excellent soil profiles running both north-south and east-west (Site TO-Nu-22). This site is 
directly north of the former Sanft’s Theatre, where Duphom (1981) conducted his investigations. 
One large east-west and three north-south profiles or segments of them were drawn. The stratigraphy 
shows a concreted coral base which was exposed in some instances. No coral heads in growth position 
were present. The top of the coral reached up to 0.7m above HWL. The average top of the coral platform 
was about 0.5m above HWL. The coral is overlain by a layer of medium-grained sand with the occasional 
inclusion of Anadara shells. The top of this sand is ~lm above HWL. It is overlain by a layer of 
greyish brown sand of a finer grain with numerous shells, including the quiet-water genera Tapes and 
Gafrarium. In the upper parts of this layer the occasional potsherd was found. The top is ~1.3m above 
HWL. This sand layer shows some small channels running roughly east-west, which corresponds with the 
results of the previous interpretation of the contour lines (figure 2.12d). The bottom of the channels 
is 0.7m above HWL. The sand layer is overlain by one containing modem debris trodden into it.
The profiles document a coral base, overlain by a sequence of coarse- to fine-grained sands, the 
uppermost of which contains shells, indicating a shallow, protected enviroment. A few specimens of
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Anadara, a type of mollusc which prefers a more active environment, are present. Their occurrence could 
be explained as due to human activity, since the occasional potsherd is found. In type these belong to 
Poulsen’s Late Lapita period (500 BC-200AD) and give a terminus post quern to this formation 1.3m 
above HWL.
Other profiles
Several smaller profiles were exposed in the streets of Nuku’aiofa during excavation work on power 
lines and telephone cables. All showed the same sequence and no evidence for tephras (not 
illustrated). Three soil test pits for a sewage treatment plant and two construction holes were 
inspected at the Small Industries Centre at Ma’ofanga. All three test pits (Figure 23a C-E) 
encountered Fahefa soil overlying coral limestone. However, in the crevices in the limestone an 
organic layer was preserved, which had the same general appearance as the organic layer encountered at 
site TO-Pe-1, though much more olive-brown in colour. It is quite likely that this also was 
vegetation covered by the ashfall. Two construction holes {Figure 23a F-G) higher up from the 
shoreline encountered only eroded coral limestone underneath the Fahefa soil.
DATING THE CLOSURE OF THE LAGOON
The development of an open bay into an enclosed lagoon had formerly to rely for its chronology on the 
dating of the coral heads encountered in the streets of Nuku’aiofa and at Kolonga. Based on these data 
Taylor (1978) argued that the closure of the old lagoon entrance must have happened by about 6000 BP.
Previous estimates
A weighted average of 14C dates on the coral heads mentioned above and the coarse beachsand at Ha’a- 
teiho was calculated, using the dates ANU-5729, ANU-5730,1-9819 and 1-9820 (see table 2.1). The 
result is 6009.3 + 49.3 BP*, which, on the basis of the 20 year atmospheric record, calibrates to 6870 
cal BP or 4921 cal BC (median intercept quoted, 1 G range: 6942-6797 cal BP; 4993-4848 cal BC). Using 
this average and the assumption of a smooth sea-level adjustment over time (c/. Hopley 1987), we 
arrive at a rate in relative sea-level fall of 0.319mm per year (calculated until 1986, employing Tay-
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lor’s 2.2m relative fail as a yardstick). With this ratio we can calculate when the former lagoonal 
entrance channel was completely sealed off. The death age of the corals represents the point in time 
when the MWLS was 0.8m above present HWL, i.e. when the channel was closed off at low tide. At high 
tide, however, it would still have been flushed. The Nukualofa channel was sealed off at high tide 
after the sea-level had fallen another 1.4 metres (the tidal range), which took -4395 years. Thus the 
present lagoon would have been appeared by about 2500 cal BP (or 550 cal BC). However, since the 
evidence of the corals is exhausted, we have to look for other approaches to confirm or contradict the 
results of this calculation.
Mollusc studies as a dating tool
Studies on the composition and size distribution of molluscs in middens around the lagoon have yielded 
results which are not only important for the understanding of a local food resource, but also 
pertinent to the dating of the shorelines (Poulsen 1987; Spennemann 1987a; SS-V & VII). These are 
briefly discussed here.
The data
Two of the common food shells gathered in Tonga past and present are the bivalves Gafrarium and 
Anadara. Their distribution belongs to different habitats, Gafrarium being found in the muds beneath 
the shallow waters of the Inner Lagoon and Anadara in sands on the reef flats and sand cays off the 
northern coastline of Tongatapu (see also detailed discussion in SS V & VII). Statistical analysis 
on both the size and relative ratios of both Gafrarium and Anadara shells found in the middens and the 
underlying subsoil reveals some interesting trends.
i) for the midden sites on the lagoon there is a decrease in the size of Anadara shells through the 
Lapita Period
ii) for the midden sites on the lagoon there is also a decrease in the size of Gafrarium shells 
through the Lapita Period
iii) the ratio of Gafrarium to Anadara increases rapidly from the Early to the Late Lapita Period.
From these the following conclusions can be drawn:
Chapter 2: The Holocene shorelines • 60
Table 2.3: Measurements of Anadara shells from selected sites (modem topography).
MEAN SD N
Reef islets
Makaha'a Recent 61.70 7.62 364
Monua'afe Recent 54.71 11.91 609
Pangaimotu Recent 57.31 11.04 973
Tufaka Recent 62.36 8.97 402
(Velitoa) TO-Vi-1 Post-Lapita 62.41 10.50 21
Lagoon entrance
Maka'unga Recent 64.94 7.47 393
TO-Nk-2 Formative 53.84 14.33 73
TO-Nk-15 Late Lapita 53.06 9.93 244
TO-Nk-2 Early Lapita 56.06 12.71 193
Mu’a sector
TO-Mu-2 Late Lapita 54.75 13.29 6
Pea sector
TO-Pe-65 Late Lapita 55.60 11.55 556
TO-At-9 6 Late Lapita 42.83 10.57 1582
TO-Pe-6 Late Lapita 42.85 9.92 426
TO-Pe-3 Middle Lapita 53.13 10.27 1574
TO-Pe-1 Early Lapita 51.05 16.92 57
TO-Pe-1 Subsoil 51.08 13.59 1139
(i) The size of Anadara shells varies spatially (table 2.3). The largest shells are found in the post- 
Lapita sites on the sand cays off the northern shore (those of Velitoa and Makaha’a), the next largest 
in the eastern arm of the lagoon at TO-Nk-2 and the smallest in the western arm at TO-Pe-6, where they 
no longer exist. It should be noted that this change in size holds for samples of similar ages. The 
exception to this, at the Middle Lapita level, is somewhat anomalous and is related to a large 
proportion of the sample being contributed by site TO-Pe-3 (1574 out of a total of 1741). This
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Table 2.4: Development of the average shell size of Anadara.
Pea sector 
Mean SD N
Inner islands 
Mean SD N
S u b s o i l ,  6000 BP 
S u b s o i l  b e l o w  ETL 
E a r l y  L a p i t a  
M i d d l e  L a p i t a  
L a t e  L a p i t a  
L a t e  L a p ,  i n l . t r a n s .  
L T L / F o r m a t i v e  1 - 2 0 0  
L T L / F o r m a t i v e  2 0 0 - 4 0 0  
F o r m a t i v e ,  4 0 0 - 6 0 0  
F o r m a t i v e ,  6 0 0 - 8 0 0  
F o r m a t i v e ,  800 - 1 0 0 0  
F o r m a t i v e ,  1 0 0 0 - 1 2 0 0  
P r e c l a s s i c , 1 2 0 0 - 1 4 0 0  
P r e c l a s s i c  o r  C l a s s i c  
C l a s s i c ,  1 5 0 0 - 1 6 0 0  
C l a s s i c ,  1 6 0 0 - 1 7 0 0  
C o n t a c t ,  1 7 0 0 - 1 8 0 0  
M o d e r n ,  g e n e r a l  
R e c e n t , g e n e r a l
T o t a l
3 2 . ,32 19. .73 119
48 ., 74 13 ,.52 1189
46 . ,24 13 ,.37 1185
49. ,34 11, .51 42
43 . .00 9,.79 411
42 . .70 10 ,.60 1757
25 . ,50 11, .37 6
43. ,58 10 ,.58 12
46 . , 66 15, .80 6
64 .,00 7 ,.93 3
42 .,07 18 ,.80 28
47 .,88 9,.63 9
44 ,.83 12 .91 4846
— — —
5 0 . 6 9 9 . 6 0 66
5 3 . 0 7 1 0 . 4 1 219
5 3 . 1 5 1 1 . 9 7 51
5 2 . 7 3 1 1 . 2 8 147
5 3 . 1 2 1 1 . 8 5 264
4 9 . 8 9 1 0 . 9 9 19
6 8 . 7 5 4 . 5 0 4
5 7 . 3 1 1 1 . 0 4 973
5 5 . 1 5 1 1 . 3 5 1793
Abbreviations: ETL - Early Lapita Period; ini. trans. - inland transition; LTL - Late Lapita Period;
anomaly is discussed in detail below. By reference to table 2.3, it is seen from the data in one 
small area (TO-Pe-1, 3, and 6) that this reduction in size is also found at the local level. Further 
research is required to prove whether this is the case for all locations.
(ii) Reference to Tables 3.22 and 3.23 shows that there is an overall continuous decrease in the 
representation of Anadara over time through the Lapita Period. It should be noted that in the Late 
Lapita period Anadara shells remain common in middens at the lagoon entrance (e.g. site TO-Nk-15), 
while they have become scarce in the sites at the western arm of the lagoon, where in the sites of the 
post-Lapita period they are not represented.
(iii) Where complete data are available for individual sites over the complete Lapita Period, it can 
be seen (table 3.22) that there is an overall increase in the ratio of Gafrarium to Anadara from pre-
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Lapita times to the Late Lapita Period. Data from only two sites are available at present, those from 
TO-Pe-1 and TO-Pe-5. At these sites there is a high proportion of Anadara in the subsoil. At the 
eastern lagoon site of TO-Nk-2 of Early Lapita age there again is a high proportion of Anadara.
Discussion
As has already been stated, the present distribution of the molluscs Gafrarium and Anadara is environ­
mentally controlled, Gafrarium flourishing in the soft muds beneath the shallow waters of the Inner 
Lagoon and Anadara preferring the sandy bottoms of more active environments on the reef-flat and the 
offshore sand cays. Thus, when dealing with a natural environment, the presence or absence of this 
fauna in older sediments should provide information on past conditions. The data from the subsoil 
beneath Early Lapita sites on Tongatapu show coarse-grained sands on the margins of the Inner Lagoon 
with a natural death assemblage of Anadara, a mollusc no longer found in this area. Several of the 
shells are articulated, indicating a thanatocoenosis and little or no transport. Thus between pre- 
Lapita times and the present day there has been an environmental change. The sands in question, 1.0m 
above HWL, have been 14C dated to 6000 BP (site TO-Pe-21, cf table 2.1), thus correlating with the 
dates obtained from the coral heads found under the streets of Nuku’alofa. One of the sampling columns 
had some very small, Gafrarium shells, less than one year old, indicating that the environment was not 
as favourable to this species. Today a similar situation can be observed among the Gafrarium shells 
found on Pangaimotu Island.
The data from the middens have to be interpreted with caution because of the human factor, but some 
tentative conclusions may be drawn. From the relative proportions of the two shellfish (tables 3.22 
and 3.23) it appears that each community collected separately from local and probably adjacent 
shellfish beds. Certainly this seems to be the case during Early and Late Lapita times. Proportions 
of Gafrarium to A ngara vary not only between widely separated sites such as TO-Nk-2 and TO-Pe-1, 
which may be expected because of their different environments, but also between adjacent sites such 
as those around the southwestern edge of the Inner Lagoon (TO-Pe-1, 3, 5 and 6). From this it appears 
that the local environment varied, a higher proportion of Anadara indicating more sandy substrates and 
perhaps greater circulation of water. Site TO-Pe-1 has a very high proportion of Gafrarium to
Chapter 2: The Holocene shorelines •  63
Anadara for both Early and Middle Lapita levels, which corresponds to its location at the extreme 
southwestern comer of the lagoon which would have the quietest conditions. Comparing the 
representation of Gafrarium shells in the earliest layers of this midden (Early Lapita Period; cf. 
chapter 3; -3200-2900 BP) and that in the subsoil with the coarse-sand beach horizon dated to 6600 BP 
(calibrated) documents that environmental change had begun in this area.
Variation in the ratio of the two shell types over time indicates the futher course of environmental 
change, the decreasing proportion of Anadara seen in sites TO-Pe-1 and 5 reflecting the onset of less 
active current conditions, with reduction in the bottom covering of sand and more muddy conditions 
prevailing. Some of the data do not fit this pattem. On the one hand, there is the high proportion 
of Anadara to Gafrarium in the Middle Lapita horizons (I & II) at TO-Pe-3 and at the Late Lapita site 
TO-Pe-6, with large Anadara size at the former. On the other hand, there is the continuous descrease 
in shell size of Gafrarium, which ought to have been advantaged by the changing conditions: As regards 
the Anadara, the anomaly might be explained by local conditions, or by a preference among the 
inhabitants of the two sites for Anadara, with access to its supply, or by later reworking of the 
middens. The size change in Gafrarium has more basic causes and seems to be due to sustained human 
predation {cf, Poulsen 1987:1 230; Spennemann 1987a). This matter is discussed further below (chapters 
3, 4 and 10).
The closure of the lagoon - a scenario of events
Radiocarbon dating of corals from Nuku’alofa and Kolonga indicates that the sea-level over the past 
six thousand years has fallen relative to the island of Tongatapu by at least as much as two metres. 
An old channel was located by Taylor at Nuku’alofa and corals inhabiting this have been dated to 6000 
yrs BP. The ages of the corals are certain to be death ages, but these does not necessarily date the 
closure of the entrance. At high tide the channel would have been flushed.
Using the average of 14C dates on coral heads and an assumption of a smooth linear fall in sea-level 
over time, a rate in sea-level fall of 0.328 mm per year has been calculated, providing a closure date 
for the Nuku’alofa entrance of -3620 BP*. New evidence from shell analysis suggests that this date may
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be too early, as Anadara abounded in the bight at the time the first humans arrived on the island 
by -2900 BP*. The analysis of the shell data shows the Inner Lagoon becoming progressively 
isolated from marine influence through the Lapita Period. There was less open circulation, as 
indicated by the change in size and relative proportions of the shellfish population, which are 
related to their respective habitats. The shell data show that Anadara became scarce in the Late 
Lapita Period and died out before the Formative Period (1000-1700 BP*).
A further terminus ante quem for the final total closure of the Nuku’alofa entrance is given by site 
TO-Nu-22, which is located in the old entrance. Here a prehistoric pit dug into the sandy soil 
contains shell refuse and numerous undecorated (Late Lapita) potsherds, the terminal date for which is 
about 1700 BP* at latest. At the time the pit was dug the ground must have been completely dry, at 
least on the surface.
Based on the above data we can advance the following scenario of events for Tongatapu:
pre—7000 cal BP (pre—6200 BP*): Highest Holocene sea-level, higher than 2.2m above HWL, possible as 
high as 3.7m above HWL.
~7000 cal BP (-6200 BP*): The former entrance channel at Nuku’alofa falls dry at low tide, causing the 
Porites coral heads to die off. This decreases wave action in the former open lagoon/embayment and 
alters the currents. The channel entrance begins to silt in. The sea-level is 2.2m higher than today.
-4800 cal BP (-4200 BP*): Some corals on the reefs and (present) mudflats northwest of Nuku’alofa die off. 
The sea-level is 0.5m higher than today.
-2500 cal BP (-2200 BP*): The entrance channel is almost completely sealed off even at high-water 
level. The sea-level is slightly higher than it is today.
-1800 cal BP (-1700 BP*): The former lagoonal mouth at Nuku’alofa is completely blocked at high-water 
level. The shoreline is as high as it is today. The passage connecting the western pocket of the 
lagoon with the eastern pocket and ultimately with the sea begins to silt in due to decrease in water
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exchange, a process which is still continuing today.
The data presented here are in full agreement with the model proposed above, which saw a smooth and 
almost linear fall in sea-level since the mid-Holocene highstand.
IDENTIFICATION OF THE NUKUALOFA FORMATION ON OTHER ISLANDS 
In his assessment of the geology of Tonga, Taylor (1978) indicates that only ’Eua and Tongatapu, 
sitting on a common tectonic block, show raised Holocene shorelines. He tentatively concludes that 
this is due to tectonic uplift. This is in keeping with the observed differences in the tectonic 
histories of the other Tongan islands. However, subsequent research has identified shorelines on more 
northerly islands of the Tonga archipelago and supplied several dates. The following information on 
Holocene sea-level data on Tongan islands other than Tongatapu is available:
’Eua
On ’Eua, the Ohonua formation, lm above HWL, identified by Ladd and Hoffmeister (1927) and named by 
Taylor (1978), has been dated by 14C to 6360 + 110 BP* (1-9818) and by ^^Th/23^  to 5700 + 500 (LDGO- 
1406A).
Ha’apai Group
Lifuka: Woodroffe (1983) was able to identify a raised coral reef on Lifuka. Dated in situ corals 
yielded an 14C age 5620 ± 60 BP* (NZ-613612)).
Foa: Again Woodroffe dated a raised microatoll and in situ corals on the island, which yielded 14C 
ages of 5850 ± 60 BP* (NZ-613412)) and 3220 ± 40 BP* (NZ-613312)) respectively, the latter being 
collected from a present reef flat.
rzyRefer to footnote 1.
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Tungua: Dye (1988) received a l4C date of 5030 + 70 BP (Beta-14170) on charcoal submitted for the 
lowest midden layer (layer III) at his site TO-CS-7. He found the result unacceptable as an archaeo­
logical age but could advance no explanation. However, the occurrence of non-anthropogenic charcoal 
several thousand years old in sand dunes and similar deposits is not unknown (Donner & Junger 1981). 
In the case of Tungua the sample does not date the midden layer, but probably charred driftwood from 
the raised beach terrace.
Niuatoputapu
Kirch (1978) reports that all Lapita sites are confined to a small band around the island at a level 
of ~2m above HWL. As will be shown below (Chapter 3), this distribution corresponds well with the 
date from on Tongatapu.
Towards the recognition of a Tonga-wide Holocene fall of sea-level
The evidence presented above indicates that the development of the Holocene shorelines of Tongatapu is 
not an isolated phenomenon, but was paralleled throughout the archipelago. The coincidence of a Holoc­
ene highstand of ~2m on both Tongatapu and Niuatoputapu, forming the ends of the Tongan archipelago, 
with patchy evidence for a similar highstand on islands between, suggests that a tectonic expla­
nation may not be accurate, given the different tectonic histories of the subblocks of the Tongan ar­
chipelago. The consequences for archaeological work are readily identified: early sites are likely to 
be sitting on the old beachline. Thus a survey of these geomorphological features is likely to yield 
numerous sites of the Lapita culture.
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Figure 2.13: Tentative reconstruction of current patterns in Fanga ’Uta Bay and Fanga ’Uta Lagoon. 
Top: prior to sea-level attaining a height of lm. Middle: after sea-level attained lm and pnor to the 
closure of the passage in the streets of Nukualofa. Bottom: present. (Reconstruction of shorelines
based on levelling data and soil morphology).
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CHAPTER 3:
THE ARRIVAL OF PEOPLE
INTRODUCTION TO LAPITA
In this chapter I discuss the environmental, cultural and, so far as reconstructable, societal 
background of the Lapita people, who are, on present evidence, the first human settlers to come to 
Tonga. Before discussing the Lapita people on Tonga and their adaptation to as well as their 
adaptation o f  the environment, I briefly review the Lapita culture in general^, as the basis upon 
which Tongan culture and society grew.
Characterisation of Lapita
Originally defined sensu stricto by the presence of the distinctively decorated, dentate stamped pot­
tery, examples o f which have been recorded over a vast area from Aitape on the north coast of Papua 
New Guinea close to the border to Irian Jaya, to the Samoan Islands in the east, Lapita now has sub­
stance as a cultural complex as a result of investigations at a large number of sites over the past 
thirty years. The sites are predominantly pottery-bearing shell middens, sometimes very' extensive 
(over 10,000 m2), representing the rubbish dumps of habitation sites situated somewhere nearby. Indi­
cations of structural evidence have been rare, but recently water-logged house sites have come to 
light (Kirch 1988a). The artefact assemblages comprise pottery, stone and shell (Tridacna) adzes, 
shell ornaments (mainly Conus and Trochus), bone needles, bone ‘spatulae’, tattooing chisels, bait 
hooks and possibly trolling hooks. Flakes of obsidian localised to sources largely in the Bismarck 
Archipelago off New Guinea give evidence of long-distance transport of items and ideas (Summarised by 
Allen 1984; Green 1978; 1979; 1982; Kirch 1988b; 1988c; Poulsen 1987; Spriggs 1984).
At this stage it is necessary to say something about terminology. While some writers, following Golson 
(1971), use Lapita to refer not only to the distinctively decorated ware, richly ornamented with dentate-stamped 
designs, but also to the plain pottery which is associated with it, other terms have entered the literature to 
describe situations where the decorated pottery is scarce or absent: Polynesian Plain Ware and Lapitoid (Kirch 
1978; 1981; Holmer 1980b; Smith 1976; Spennemann 1986b). Poulsen’s (1987) detailed pottery analysis for Tonga, 
however, shows that ceramic development here is continous, from an early stage with decorated pottery well 
represented to a late stage where decoration has virtually disappeared. In the light of this, it seems false to 
talk of Polynesian Plain Ware as a separate entity' distinct from Lapita and in the discussions which follow, the 
term ‘Lapita’ is used to cover decorated pottery (Lapita sensu stricto) and undecorated pottery (Lapita sensu 
lato) and the sites into which they enter, unless otherwise stated.
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Before discussing the implications of these results for the work in Tonga, I make brief reference to 
some general issues which they raise. The origin of Lapita is the subject of much current debate 
(Allen 1984; 1988; Kirch 1988a; Spriggs 1984; 1988; White & Allen 1989) in which the autochthonists. 
the adherents of an indigenous development in Western Melanesia, compete with the migrationists who 
favour a new version of regionally appropriate ex Oriente lux. Various models have been postulated to 
explain the spread of the Lapita culture throughout Melanesia and Western Polynesia_). The Lapita cul­
tural complex has commonly been identified with speakers of Proto-Oceanic (POC) or Proto-Eastern Ocea­
nic (PEO) (Pawley & Green 1973; Ross 1988). As will be evident below, linguistic reconstruction is of 
great importance in identifying intangible items of the Lapita cultural complex, such as food plants.* 3)
Settlement pattern
The sites of the Lapita culture are predominantly shell-midden refuse dumps, located near the sea­
shore. Jennings (1980:3), summarising previous data, has presented a series of criteria for such 
sites. They should be located (1) on an islet; (2) not more than 10m inland from mean high-tide line, 
(3) where there is a shelving sand or coquina rock-beach lacking coral heads, (4) that extends 
some distance out on the reef. (5) The site should lie on a low basalt knoll or promontory with a 
thick mantle of soil, (6) be elevated from 1.5-5.0m above present mean sea-level, (7) where the reef
*" The Supertramp model, adapted from the population biology of birds, assumes an unspecialised group of people 
with very high reproductivity and expansion rates, which exploits its ecological niche in a very unspecialised 
manner and is pushed out of the niche by the much more slowly expanding ‘overexploiters’, who maximize the uti­
lisation of the available resources (Diamond 1969; 1974; 1975; 1976; 1977; Keegan & Diamond 1987). The Trader 
model has terra cognita widened as part of an trade and exchange network in the process of expansion (Green 
1978; 1979). The Strandlooper model sees the Lapita people as a set of populations exclusively exploiting coas­
tal and marine resources browsing through the islands (Groube 1971). The Population growth model assumes a slow 
but continuous colonisation of the area, the motor for which is increasing population (Clark & Terrell 1978). 
The Coloniser model has expansion with each daughter population staying in contact with the mother settlement, 
in a similar way to the Greek colonies (Whitehouse quoted in Green 1982). Valid points for and against can be 
raised for all models (c/. Clark & Terrell 1978; Green 1982; Spennemann in press c), but the coloniser model
seems to be the most plausible, although the causal variable responsible for the spread has not been identified.
3') In this context it is advisable to separate carefully the word lists reconstructed for Proto-Polynesian 
(PPN) from those for POC. Terms included in the PPN lists but not in POC may have not yet been reconstructed, 
but, alternatively, they could be innovations which took place after the break-up of POC. Utilising PPN word 
lists to identify traits for Lapita would be methodologically unsound. Kirch (1984a) correlates PPN with the 
Polynesian Plain Ware ceramic tradition and attributes a time scale of 500 BC to AD 200 to it. He sees this as 
the period of the ancestral Polynesian society and uses PPN word lists heavily. Ross’ (1988) reworking of the 
POC makes necessary the presence of witnesses in the Manus languages. In view of this, some of the 
reconstrcutions may again be open for discussion.
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is ~1.0 km in width and (8) where there is a deep passage through the outer barrier reef. Lepofsky 
(1988), apparently unaware of Jennings’s list of criteria, conducted a comprehensive but not exhaus­
tive survey and analysis of the natural environments of Lapita sites along the lines of rigid site- 
catchment theory principles. She has added a few interesting observations, namely that (9) most of the 
sites have a fresh water source nearby and that (10) all sites have access to arable land within 1.0km 
distance.
The settlement pattem as reconstructed for the early Lapita settlers should be thought of as inten­
tional. Given their social and cultural background and their needs, the settlers were forced to 
adopt this pattem and had not much choice in the matter. Let us look at this from a logical point of 
view. Take a canoe-load of people, say 25, arriving at a previously uninhabited island. Arriving in 
their canoes, they had to find a passage through the reef. Moreover, their need to travel was not 
over, as they had to keep in contact with the parent population if they did not want to be stranded. 
Thus placing the settlement at a location near a reef passage was necessary. Since they did not want 
to keep on living on their canoes, settlements had to be built. However, there were constraints upon 
where. Upon arrival they would be confined to the shore, as the island more likely than not was heavi­
ly forested. The clearing of forest is a painstaking exercise and would not have been conducted for 
its own sake. Therefore, locations would be ruled out where the rain forest approached the shore. 
Small off-shore islands, however, were likely to be sand cays or derivatives, allowing only a coastal- 
fringe type of vegetation, which could be easily cleared. Rocky or cliffed shores and those with ex­
tensive mangroves at the back of extensive mud- or sandflats were also unsuitable, as the settlers 
could not beach their canoes at all or only during high tide, thus restricting their movements. Thus 
some sort of sandy beach next to a deep-water passage was required. As the newcomers were horticultu- 
ralists, they were interested in locations where arable land was within walking distance. In addition, 
sources of timber suitable for the construction of houses and canoes needed to be handy.
Subsistence pattern
Groube’s (1971) proposition that the Lapita colonists may have been unspecialised ‘beachcombers’ or 
‘strandloopers’ moving ahead of agriculturalists has met with criticism and sparked a series of re-
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plies (e.g Green 1979; Green 1982; Clark & Terrell 1978), most of them unfavourable. Yet excavations 
on early Lapita sites in Fiji (Best 1984) and Tonga (Poulsen 1987; Dye 1988) have clearly shown that 
the Lapita settlers, although horticulturalists, were also opportunistic foragers, and had to be if 
they were to be successful colonisers of pristine environments.
Hunting and gathering
The bulk of the food refuse encountered in the Lapita middens consists of shells, but detailed quanti­
tative investigations of such are rare (cf. Swadling 1986 for a remarkable exception). On the basis of 
the few detailed data sets available, it seems that the majority of shellfish exploited were either 
filter feeders or browsing molluscs, while predatory molluscs are rare. Human impact on pristine envi­
ronments and continued predation pressure on shellfish resources have been argued in some cases (Green 
1982; Swadling 1986), but the evidence is equivocal for overexploitation.
Apart from shells, the sites often contain an abundance of bone material, mainly fishbone.4^  .All ana­
lysed fishbone assemblages document the predominance of inshore and reef-edge over open-sea species. 
Among the lagoonal and reef species, scarids seem to be the most frequent family in the early sites. 
Scarids, however, cannot be caught by baited lines. As Green (1986:131) noted, this ‘suggests that 
techniques other than angling were preferred methods of catching fish in the initial stages of the 
settlement of Eastern Island Melanesia and Polynesia’. For various sites evidence has been presented 
which documents the exploitation of turtles in the early layers (Green 1979; Nagaoka 1988), which, 
over time, become rare, possibly due to ‘overcropping’ and disturbance of their natural habitat. Other 
marine animals occasionally taken are (depending on the biogeographical location of the Lapita site) 
dugong and crocodile {cf. Best 1988). The exploitation of land- and seabirds, fruit bats and lizards 
has been reported for a wide range of Lapita sites (Green 1979; Nagaoka 1988).
Apart from the sites on the Tongan Islands discussed further below, fishbone assemblages from the following 
Lapita sites have been analysed and published to a varying degree: SE-RF-2 (Reef Islands, Solomon Islands; Green 
1986), 101/7/196 and 101/7/197 (Lakeba, Lau Islands, Fiji; Best 1984), VL 21/5 (Naigani Island, Fiji; Best 
1981; Kay 1984); SM 17-2(Falemoa, Manono Island, Western Samoa; Janetski 1980),SU-F1-1 (Faleasi’u,Upolu, Wes­
tern Samoa; Janetski 1976), and Lapita (site 13 A, New Caledonia; Frimigacci 1980:9).
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Domesticated animals and cultivation 
Domesticated animals
Of the domesticated animals, pigs, dogs and chicken have been documented for a variety of sites (Green 
1979; Nagaoka 1988). In numerous instances, however, the faunal assemblage lacks one or another spe­
cies, without any obvious pattem. The occurrence of human remains in the middens warrants special 
attention, as some of them appear to be burnt. So long as detailed studies on butchery marks are not 
undertaken, theses bones can be interpreted either as disturbed burials or as remains of anthro­
pophagy. Even the laborious search for cut marks may prove to be inconclusive, given the problem of 
recognising butchery marks caused by bamboo knives (cf. Spennemann 1987e; 1987f; 1987g).
One o f the unkown questions is the number of different species brought along to the new lands. We can 
start with the domesticated animals, chicken, pig and dog, but also include the small-sized Polynesian 
rat (Rattus exulans), which has been generally argued to be a voluntary introduction, able to fend for 
itself, rather than an accidental one, as a stowaway (Luomala 1975). However, this list may well be 
incomplete.
Semi-domesticated animals
The megapode (Megapodius pritchardii), only known today on Niuafo’ou, has been found in Lapita sites 
on H a’apai (Dye 1988). Van Tets (pers. comm.) has raised the point that megapodes, a family o f ground­
dwelling birds incapable of dispersal over large stretches of water, occur with a scattered distribu­
tion over a wide area from Indonesia to Tonga5), with an occurrence, however, restricted to areas 
where Austronesian linguistic influences are recognisable. This, so van Tets argues, may well indicate 
that the megapodes were brought along by the early Lapita settlers as a second variety of domestica-
“ A problem inherent in the use of biogeographical data is the natural spread of animals and plants. However, a 
good case can be made that some flight-reluctant animals would not have spread naturally and that they must have 
been brought by humans. This applies particularly to the 850km water gap between Vanuatu and Fiji, which would 
not have been very much smaller even during the Pleistocene low (relative) sea-level stand (cf. map in Gibbons 
1985:113). As for plants, the proof of human, rather than natural distribution is more complicated.
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ted/sem i-dom esticated bird, which did not build up large populations, possibly because o f its breeding 
requirem ents6^
Van T e ts’ hypothesis suggests that we may need to look at the flightless and flight-reluctant bird 
fauna in an entirely new  light. A nother bird, m ost definitely introduced into Tonga in later times, is 
the red-breasted m usk parrot (Prosopeia tabuensis) (see chapter 5). Potential candidates for early 
hum an introduction to Tonga are the purple swam phen (Porphyrio porphyrio) and possibly also the banded 
rail (Gallirallus phillipinensis)7\  A further case o f possible hum an interaction is the fruit bat 
(Pteropus to n g a n u sf\  Nonetheless, it seems unlikely that early voyaging canoes colonizing new 
islands would have resem bled N oah’s Ark. It is much more likely that some o f the animals were brought 
in subsequent voyages9).
^  The Niuafo’ou megapode lays a single egg in a burrow 1-2 m long and leaves it to be incubated by the heat of 
the magma, which lies close to the surface. This breeding habit, however, may be a comparatively ‘recent’ adap­
tation to the particular environment of Niuafo’ou (Watling 1982), although it should be pointed out that similar 
breeding habits are known amongst its Melanesian relatives. PPN has the reflex *malau, and Clark (1982: 128) 
argues that although the megapode has presently such a thinly spread distribution over a wide area, its name is 
always malau or a cognate. Based on linguistic evidence, Clark postulated that the megapode must have been pre­
sent in Fiji at some point in time, a conclusion subsequently confirmed by the excavations on Lakeba, Lau Islands 
(Best 1984). In this context it should also be pointed out, however, that Pawley & Green (1973: 7) have inclu­
ded *malau as a PPN word for various species of reef fish (Priacanthus spp., Myrispristis spp., Holocentrus spp.).
~j\
Both these birds are common in Melanesia and throughout Western Polynesia (including Rotuma and Niue), 
but absent from Kiribati and Tuvalu. Moreover, the swamphen apparently does not occur in Eastern Polynesia. In 
addition, reflexes of the PPN word for the swamphen (*kalae) are uncommon in Eastern Polynesia and are commonly 
applied to seabirds (in Tuamotuan and Maori). An exception is the Hawaiian ‘alae, which describes a rail 
(Gallinula chloropus). Clark (1982:129) assumes that the swamphen may have occurred at one stage in the 
Marquesas or the Societies, but it could as easily indicate that the people settling the Marquesas knew the 
kalae in their homeland and applied the term to other birds (as in the case of the Maori mod). (Biological data 
culled from: Child 1960; 1981; Thomson & Hackman 1968; Wodzicki &Laird 1970; duPont 1975; Delacour 1966; Haddon 
1981; Mayr 1945; Galbraith 1962; Schodde 1977). In this context it is also worth mentioning that linguistics has 
shown that two POC words for chicken can be reconstructed (Pawley & Green 1984:130, note 15). In the light of 
Ross’ (1988) work, however, this may need to be re-assessed).
g\
While the fruit bat is common in Melanesia and Western Polynesia including Niue (Wodzicki & Felten 1975), it 
is apparently absent from the Marquesas, Cooks, Societies and Tuamotus (Pawley & Green 1973). The bats on 
Rarotonga are seen as a European introduction. Linguistic research has reconstructed the PPN reflex *peka from 
the possible POC reflex *mpekwa. As pointed out by Pawley & Green (1973), the Hawaiian (pe’ape’a) and Maori 
(pekapeka) terms for bat derive from PPN *pekapeka, the term for the swiftlet (Collocalia spodiopygia). The 
limited flight ability of fruit bats over great distances of water becomes apparent if one considers that the bat is 
abundant in Fiji, but absent from Rotuma, which is some 300 km north of Vanua Levu (Clunie 1985a). Tongan oral 
traditions (Fanua 1983) indicate an introduction of the fruit bat from Samoa.
9) A good model for the introduction of semi-domesticated animals is given by Thilenius (1902), who mentions 
that according to oral traditions on the Polynesian outlier of Nuguria, a mythical hero imported a variety of 
plants as well as birds, especially the edible dove. Thilenius comments that these doves were regularly carried 
by Polynesians as living provisions.
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Cultivated and semi-cultivated plants
Due to unfavourable conditions for the survival of uncharred plant remains in tropical areas, the evi­
dence for cultivated plants is overwhelmingly circumstantial. The bulk of the evidence for Lapita cul- 
tivars comes from linguistic reconstruction (see table 3.1). Excavations at the water-logged Lapita 
site of Talepakemalai, Eloaua, Mussau, Papua New Guinea, have yielded many well-preserved plant 
remains (Kirch 1988a), some of which are included in table 3.1. The list of plant species is very im­
pressive and tends to indicate that the Lapita people had an extensive mode of food production, 
exploiting a wide range of horticultural and arboricultural crops. Analysis of land snails in Lapita 
sites on Fiji has shown that some non-endemic species may have been imported accidentally with root 
crops (Hunt 1981). Biogeography also adds to the picture. A case in point is the distribution of 
Canarium  nuts, which occur in a wild state in Fiji, Tonga and Samoa (Parham 1972:236-239; Yuncker 
1959:155; Hotta 1962:103), but are cultivated further west in Melanesia. It would appear that the 
settlement of Western Polynesia took place at a time before Canarium was systematically cultivated, 
but the very presence o f Canarium  in Western Polynesia would seem to indicate an initial human intro­
duction (Yen, pets comm.). The case of Canarium tends to strengthen the perception that the initial 
settlers of Western Polynesia, and by implication the Lapita culture in general, was a broad-spectrum 
horticultural and arboricultural society, introducing and tending a large variety of plantsI0).
The great variety of certain and probable imports of plants and animals by the Lapita people sheds 
some light on the culture as such. Taking such a variety of species along strongly indicates that the 
colonisation of new lands was intentional and nothing was left to chance. A large range of fall-back 
animals and plants, which did not need much attention and could fend for themselves, assured survival. 
The indication also is that the Lapita people were generalists, rather than specialists, in the
10^ A further cultivar possibly introduced in the Lapita period is the sago palm (Metroxylon spp.), which occurs 
in Melanesia and in Western Polynesia (Fiji, Samoa, Rotuma and Tonga; Parham 1972: 371), but not further towards 
the east. Here it is solely used for thatching roofs and houses. As with Canarium, sago was never intensively 
used as a food plant in Western Polynesia, unlike in Melanesia and the Polynesian outliers (Tikopia: Kirch & Yen 
1982:35 passim). Given that the plant was not used as a food item in Western Polynesia, it seems unlikely that 
it was introduced to Western Polynesia during the time the Polynesian outliers were settled. The same applies to 
the Oceanic lychee (Pometia pinnata).
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Table 3.1: Linguistic reconstruction of POC and PPN words for cultivars and domesticates and their 
occurrence in early Lapita contexts in general and Tonga in particular.
Species
Common name Latin name POC name PPN name
Documented 
in excavations 
General Tonga
Animals
Pig Sus s c r o f a *mpoRok *puaka yes yes
Dog C anis  v u l g a r i s * k u l i i ves possibly
Domestic fowl G a l l u s  g a l l  us * t o (q) a *moa yes yes
Rat R a t t u s  e x u la n s *k (au) nsupe * kuma yes yes
Fruit bat P t e r o p u s  tonganus *mpekv/a *peka yes no
Megapode Megapodius sp. *malau *malau yes yes
Purple swamphen P o r p h y r i o  p o r p h y r i o * k a l a e •p yes
Banded rail G a l l i r a l l u s
p h i l l i p i n e n s i s *weka ? possibly
Plants
Taro C o l o c a s i a  e s c u l e n t a * n t a l o s * t a l o p o s s . no
Yam D i o s c o r e a spp. *qubi * ' u f i p o s s . no
Giant taro A l o c a s i a  m a c r o r r h i z a  * (m)piRaq *kape no no
Breadfruit A r t o c a r p u s  a l t i l i s *kuluR *kulu no no
Coconut Cocos n u c i f e r a *niuR *niu yes yes
Banana Musa s p p . *pu (n) t i * f u t i no no
Chestnut I n o c a r p u s  e d u l i s * q i p i l * i f i other spec no
Polyn. chestnut I n o c a r p u s  f a g i f e r u s yes no
kava P i p e r  m e th y s t i c u m * kawa * kawa no no
Citrus/Orange C i t r u s  spp. *moli *moli no no
Terminalia T e r m i n a l ia sp. * t a l i n s e * tali (ae) yes no
Pandanus Pandanus *pandan * f a r  a yes no
Canarium Canarium sp. *kanadi yes no
Polynesian plum S p o n d ia s  d u l c i s *quRi *w i i yes no
Sugar cane Saccharum
o f f i c i n a r u m * (n) topu ?* t o r a no no
Malay apple Eugenia m a l a c c e n s i s *kap ika * k a f i k a no no
Sago palm M e tr o x y lo n sp. * (Rd) (au)mpia no no
Hibiscus H i b i s c u s  t i l i a c e u m * fau no no
Oceanic lychee Pom et ia  p i n n a t a * (n) tawa * tawa yes no
Barringtonia B a r r i n g t o n i a  sp. *putu * f u t u no no
Candle nut A l e u r i t e s  moluccana yes no
Note: Lingusitic information after: Clark 1979; Kirch 1984; Pawley & K.Green 1973; Pawley & R.Green 1984; Tryon 
1984; Wilson 1982. Note that the reconstruction may need to be reassessed in the light of Ross’ (1988) work on 
the POC. Archaeology after: Best 1984; Dye 1988; Kirch 1988a; Poulsen 1987; own data). Some discrepancies exist: 
Pandanus is seen as POC *pandan by Pawley & Green 1984), but as PPN *fara (Clark 1979); PPN for sugarcane is 
either *too (Pawley & Green 1973); *toLo (Clark 1979) or *tora (Tryon 1984). The PPN for breadfruit is *kea 
(Pawley & Green 1973) or *kulu (Pawley & Green 1984).
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exploitation of their ecological niche, a factor seen as beneficial, if not crucial, for all fast­
spreading animal populations (Diamond 1977). Another aspect of the Lapita cultural heritage is also 
worth considering. The plants used are mainly those which can be spread by setting. Plants which re­
quire seeds for their reproduction are very uncommon.
Social organisation
The social organisation of the Lapita people has been debated for some time. Given that Lapita has 
been seen as the root of many present-day Melanesian and Polynesian societies, two schools of thought 
have evolved to explain the discrepancy between the egalitarian, ‘big-man’ societies common in Mela­
nesia and the hierarchical societies of Polynesia1 One school, espousing phylogenetic models, sees 
shared inheritance and homologous change as the cause (Kirch & Green 1987; Kirch 1984a), with Polyne­
sian chiefdoms stemming from a single root, which diversified in Polynesia in the ways observed at 
time of contact. This school assumes that all traits presently visible and shared across Polynesian 
communities were present at the beginning, so ancestral Polynesian society, and by implication the 
Lapita culture, was a hierarchically structured society. The other school of thought argues for analo­
gous change in the course of evolutionary convergence in the face of common environmental and social 
constraints {eg. Terrell 1987; 1988). Here the Lapita culture is seen as an egalitarian society, which 
in some areas developed hierarchically.
Linguistic evidence
The arguments for and against the presence and about the nature of social hierarchy in the Lapita cul­
ture have mainly revolved around the linguistic reconstruction of Proto-Oceanic (POC) and Proto-Poly­
nesian (PPN) reflexes and their correlation with modem meanings. In the following I examine the argu­
ments used, as assessment of the social structure of the Lapita culture is of pre-eminent importance 
for the understanding of the degree of social change which took taken place between the end of the 
Lapita Period and the arrival of the Europeans. While words describing things and animals are likely
The Pacific Islander’s view of this debate is somewhat different, and the simplifications which have entered 
into it and for the sake of convenience have been partially espoused here, though they can be easily, if labori­
ously avoided, have led to accusations of cultural bias and racism (c/. Groube 1985; Hau’ofa 1975).
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to maintain their meaning, thus making positive identification possible12), the reconstruction of 
social and spiritual concepts and thus of social systems is fraught with problems.13)
The Tongan word for chief is ’eiki, which in similar form occurs throughout Polynesia.I4) Pawley (1982) 
has reconstructed the reflex *qariki for PPN and *qa-diki for POC. He argues that PPN *qariki stands 
for ‘chief, head of a lineage; first bom in the senior line, who succeeds to the chieftainship of the 
lineage and has strong personal mana and tapu\ In addition, he reconstructs POC *qa-lapa(s) as another 
word for ‘chief’. *qa-lapa(s) is thought to mean ‘the big one’, *qa-diki ‘the little one’. Pawley and 
Green (1984:127) say that PPN *qariki has ‘the approximate meaning of chief and continue: ‘When 
cognates diverge in meaning precise semantic reconstruction is not always possible’. However, further 
on in the same paper, they state, following Pawley (1982), that the POC society had hereditary chief­
tainship based on male primogeniture, arguing that a ‘little’ chief (fqa-diki) followed his father, the 
‘big’ one ( *qa-lapa), who was head of a descent group. Kirch and Green (1987:439) use Pawley’s recon­
struction of PPN *qariki as stemming from POC *qa-diki to claim that ‘the office of chief, [and] the 
lineage concepts associated with it’ were inherent in ancestral Polynesian society and that the *qariki 
were hereditary chiefs (Kirch 1984:68). It should be noted that the entire argument supporting this 
hypothesis rests upon a single contrasting set of words in the Arosi language of San Cristobal, Solo­
mons (Lichtenberk 1986). As has been shown by Lichtenberk (1986), the POC forms *qa-diki and *qa-lapa 
have to be replaced with the new reconstructions, *qa adiki (‘oldest child’) and *tala(m)pat (‘great 
person’). As for *tala(m)pat Lichtenberk argues that at present no evidence exists to interpret it po­
sitively either as big-man or as chief, let alone as hereditary chief. As the semantic field of pre­
sent-day reflexes of the POC *qa adiki includes ‘chief, ‘oldest son of a chief, and also, and more
12) But see the case of the out-sized ‘chicken’ (mod) in New Zealand.
13) One of the dangers inherent in linguistic research is that while the words can be traced back to some common 
root (‘formal reconstruction’), there is no proof whatsoever that the meaning of the words has necessarily 
stayed the same (‘semantic reconstruction’).
14^ eg. Maori: arild; Futunan: aliki; Niuafo’ouan: 'aliki; Hawaiian ali’i.
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Table 3.2: Social and societal terms in Proto-Oceanic (POC), Proto-Polynesian (PPN) and Tongan (TON). 
Note that the formal reconstruction does not preclude semantic reconstruction as well. (After 
Churchward 1959; Kirch 1984a; Lichtenberk 1986; Pawley 1982; Pawley & Green 1984; Tryon 1984).
Term POC PPN TON
Oldest child *ga adiki --- >? --->?
Chief <---- ? *qariki ’eiki
Father * tama tamai
Mother * tina fa' e
Elder sibling, same sex *tuqaka *tuakana ta'okete
Younger sibling, same sex *tansi *t (a,e)hina tehina
Woman's brother * tuanga'ane tuoanga'ane
Man's sister * tuafafine tuofefine
Mother's brother *matuqa t u 'asina
Father's sister ?* ay a mehikitanga
Craftsman * tufunga tufunga
Warrior * toa tau
Seaman, navigator, fisherman 
'Landman'
*ntauta (n)si * tautai 
*tau'uta
toutai
Large land-holding descent
group
Small land-holding descent
*kainanga kainanga 1)
group * kainga kainga
Assembly of people * fono fono
1) The Tongan kainanga means ‘populace’ and ‘people without chiefly rank’, whereas the large land-holding 
descent group in Tonga is the fa' ahinga.
importantly, ‘oldest daughter’, Lichtenberk prefers the neutral meaning of ‘oldest child’. In addition, 
he prefers the PPN reconstruction of ‘leader’ rather than ‘chief and is not prepared to ascribe any 
hereditary status.
Archaeological evidence
Archaeological evidence for any form of social stratification is hard to come by, given the nature of 
most of the Lapita sites encountered. It is hardly to be expected that communal rubbish dumps, as is 
argued below to be the case, reflect a social pattern which can be picked up archaeologically. A
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major source for social reconstruction, burials, is relatively scarce.I5) These burials are not asso­
ciated with status indicators, such as burial goods, but this is no proof that social stratification 
did not exist in the Lapita culture. It may well be that they represent the burials of a lower class 
of people, while higher-ranking burials have not been discovered, or that the bodies of the higher­
ranking individuals were disposed of in another fashion.
Kirch’s excavations on Eloaua Island, in the Mussau Group of the Bismarck Archipelago, show that 
there is some indication of Lapita social patterning (Kirch 1988b). In his Talepakemalai site (ECA), 
with its house structures, he has been able to identify a concentration of heavily decorated pottery 
in one part of the site and the almost exclusive deposition of plain ware at another part of the site. 
This spatial dichotomy between plain ware and labour-intensive decorated ware can be seen as some in­
dicator of structural differentiation, be it social or ritual.
Differentiation in the spatial distribution of pottery-vessel shapes has been recorded for one of the 
Reef Islands sites (SE-RF-2) and has been interpreted as indicating two distinct activity areas (Green 
1982; Parker 1981), but the evidence is equivocal as to whether the differentiation is chronological 
or social/societal.
THE IMMEDIATE HOMELAND OF THE LAPITA PEOPLE ARRIVING IN TONGA 
Before discussing the Lapita sites of Tongatapu, we shall look at the Lapita settlement pattern in 
those areas from where the immediate ancestors of the Tongan Lapita settlers are likely to have come. 
The sequence of the settlement process can be documented by the chronology based on the radiocarbon 
dates. In a recent paper Kirch & Hunt (1988a) reiterate the view that the spread of the Lapita culture 
was very rapid, or even ‘practically instantaneous’ (Irwin 1983), by stating that ‘no clear age-dis­
tance progression is evident’. In order to assess the validity of this statement, a reanalysis of the 
available radiocarbon corpus for the Reef/St.Cruz Islands, Vanuatu, New Caledonia, Fiji, Samoa and
l5  ^ The total burial assemblage, spanning the entire Lapita Period, is very limited: Watom, East New Britain: 5 
burials (Specht 1968; Green 1988); Tonga [TO-Pe-1]: 1 (Poulsen 1987: I 21-22; Spennemann 1985c; 1987k); 
Natunuku, Fiji: 1 (Pietmsewsky 1985); Lakeba, Fiji: 2 (Houghton 1984); Sigatoka, Fiji: several (-80-100; Best 
1987).
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Table 3.3: Settlement description of Lapita sites in Vanuatu.
NHMa-6, near Avunatari, Malo: Open midden site, located on the leeward shore of Malo I. (Lepofsky 1988).
NHMa-7, Avunatari, Malo: Open midden site, measuring about 1,400 m“ in area, located on a 9-10 m-high beach 
terrace (recent uplift) on the leeward shore of Malo I. The site was formerly located at the shoreline of a 
small lagoon. Dates: 2020 + 60 BP (UCLA-1412, charcoal), from a hearth built directly on sterile beachsand. 
(Green 1979:53; Hedrick 1971; Lepofsky 1988).
NHMa-8, Naone Plantation, near Avunatari, Malo: Open midden site, measuring about 9,500 m , located on a 9- 10m- 
high beach terrace (recent uplift) on the leeward shore of Malo I. The site was formerly located at the shore­
line of a small lagoon. Dates: 3150 + 70 BP (ANU-1135, shell); 2980 + 70 BP(ANU-1134, shell). (Green 1979:53; 
Hedrick 1971; Lepofsky 1988).
NHMa-101, Batuni'urunga, Malo: Open site, about l,300nC, located on a 9-10 m-high beach terrace (recent uplift) 
on the leeward shore of Malo I. The site was formerly located at the shoreline of a lagoonal embaymenL (Green 
1979:53; Hedrick 1971; Lepofsky 1988).
EF-33, Erueti, Efate: Open site, located about 400m inland from the present shoreline, at the back of a small 
bay, the entrance of which is protected by small islands. Dates: 2300 + 95 BP (GX-1145, charcoal). (Garanger 
1972: 26-31; Green 1979:53; Lepofsky 1988).
Ifo, Erromango: Open site, located on a raised beach terrace adjacent to a river mouth with canoe access. There 
is evidence of coastal progradation on the order of several hundred metres. Lapita pottery in secondary a sso ­
ciation. Dates: 2310 + 70 BP (Beta-7674, shell) ; 2220 + 70 BP (Beta-7673, shell). (Lepofsky 1988; Spriggs 
1984:209; Spriggs pers. comm.).
Tonga was undertaken16). The reanalysis used cumulative calibration probability histograms (for the 
method see SS-XIII), rather than histograms constructed from calibration intercepts only, which ignore 
the accuracy of the date. The results shown in figures 3.6 and 3.? document a chronological drift 
connected with an eastwards expansion of the Lapita culture. The nearest island groups in the west to 
Tonga are Fiji and Vanuatu. Although it seems more likely that the settlers came stepping stone by 
stepping stone, i.e. via Fiji, a direct link from Vanuatu cannot be excluded.
' The dates used are (including ocean reservoir correction where appropriate): Santa
Cruz/Reef Islands: 1-5747; 1-5748; 1-5749; 1-5750; 1-10835; 1-10836; SUA-111; SUA-112;
UGA-964; Vanuatu: ANU-1134; ANU-1135; GX-145; UCLA-1412; New Caledonia: ANU-262; GIF-1983; 
M-336; M-341; UW-358; UW-361; UW-364; UW-471; UW-472; Fiji: GAK-946; GAK-1218; GAK-1226; 
NZ4589; NZ-4591; NZ4592; NZ4593; NZ4594; NZ4596; NZ4807; NZ4808; NZ4809; NZ4906;
NZ-5616; NZ-5617; NZ-5618; Samoa: BETA-19741; BETA-19742; GAK-1194; GAK-1198; GAK-1199;
GAK-1339; GAK-1340; GAK-1341; GAK-1444; NZ-361; NZ-362; NZ-363; NZ-1958B (new value after 
Leach & Green in press); NZ-2726B; NZ4342B; NZ4343B; NZ-7228B; NZ-7272B; RL464; RL477; 
RL478; RL479; RL4S1: UGA-14S4; UGA-1485; UGA-22C8; UGA-2210; UGA-2211; Tonga: (cf'. SS- 
XII).
Chapter 3: The arrival o f  people • 83
Table 3.4: Settlement description of Lapita sites in Fiji.
2
VL 16/81, Yanuca, Viti Leva: Rocksheiter, approximately 200 m in size. The rocksheiter is situated on the 
leeward side of Yanuca Island. In front of the rocksheiter is a small channel which separates Yanuca I. from 
mainland Viti Levu. The island is immediately adjacent to a deep passage through the fringing reef. It shows on 
its leeward northwestern side considerable evidence for coastal progradation. (Hunt 1980; 1981).
VL 16/1, Sigatoka, Viti Levu: Open midden site, on a dune system, near the mouth of the Sigatoka river and a 
deep passage through the reef. (Birks 1973; Birks & Birks 1975; Mead 1975).
VL16/22, Nagarai, Viti Levu: Open site on a sand dune, about 1 km from VL 16/1, near a deep passage through the 
reef. (Hunt 1980:47).
VL 1/1, Natunuku, Viti Levu: Open midden site on a ‘small and badly eroded mud-flat fringed with mangroves’ 
(Shaw 1975), which is evidence of a receding shoreline and possibly a relative rise in sea-level. At the time 
of occupation the site was located on a sandy beach within a small embayment. (Shaw 1975; Pietrusewsky 1985; 
Hill et. al. 1985).
VL 22/5, Naigani, Naigani, Lomaiviti Group: Open site, situated on the windward side of Naigani Island. The site 
is protected from the swell by two islets. A fringing reef surrounds the island, with passages near the site. It 
is likely that at the time of settlement the site was located at the end of a small sand spit. There is evidence 
of a coastal progradation on the order of 100 m (Best 1981; Kay 1984).
VL 101/7/196, Wakea, Lakeba, Lau Group: Open midden site on the coastal sandflats immediately north of VL 
101/7/197 on the northwest coast of the island (Best 1984:89-106). There is evidence of a Holocene highstand of 
relative sea-level at about 4000 BP (McLean 1979). Environmental reconstruction by Best {ibid. 104) indicates 
that the site must have been subject to frequent tidal washing during cyclonic surges.
VL 10117/197, Qaranipuqa, Lakeba, Lau Group: Rocksheiter, situated on the northwest coast of the island about 
200 m from HWL mark (Best 1984: 61-79). For environmental description see the Wakea site. Best suggests that the 
Wakea and Qaranipuqa sites would have been temporary habitation sites only.
Fulaga, Lau Group: Open midden site, no further information available (Best 1984:556).
Koro, Lau Group: Open midden site, no further information available (Best 1984:556).
Moce, Lau Group: Two open midden sites, about 100m apart, possibly the same site. No further information 
available (Best 1984:556).
Oneata, Lou Group: Open midden site, no further information available (Best 1984:556).
Ono-i-lau, Lau Group: Three open midden sites, no further information available (Best 1984:556).
Lapita sites and settlement patterns in Vanuatu and Fiji 
Kirch & Hunt (1988b) list six sites for Vanuatu: four on Malo and one each on Efate and Erromango 
(table 3.3). All sites known so far from Vanuatu are open surface sites, shell middens with a dense 
spread of pottery. The site group NHMa-6 to NHMa-8 is located at the shore of a small lagoon, protec­
ted from the sea by a cluster of islets. In this the Avunatari sites closely resemble the Erueti site on
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Table 3.5: Probability (in % ) o f  drift voyages arriving on Tongan islands.
Direction (from TBU) W MW NW NW WNW NNE NNE NE NE
Island TBU TIKO TUVA ROTU UVEA FIJI SAMO TOKE NIUE LINE
'Ata 4.44           0.07 ---- 0.42 ---
'Eua 8.04 ---  ---  ---  ---  0.07 ---  ---  1.55 ---
Tongatapu 2.62 ---  ---  ---  ---  ---  ---  ---  0.2 8 ---
Ha'apai south 5.30 ---  ---  ---  ---  0.07 0.22 ---  3.82 ---
Ha'apai north 0.41           0.22 0.31 2.83 ---
Vava'u 5.61           1.11 0.15 25.77 ---
Niuatoputapu 0.39 ---  ---  ---  0.40 ---  3.20 0.31 16.85 0.19
Niuafo'ou 4.05 ---  ---  ---  1.11 ---  2.23 0.63 8.78 0.79
N 3580 722 1083 588 1251 1389 13432 628 706 501
Direction SSW S S E ESE ENE ENE NE NE E
Island NZ KERM ATA S.C. RAPA SOCI TUAM MARQ N.C. EAST
'Ata 0.93 _ _ _ _ 7.47 1.05 0.70 . . . . 0.69 0.07 _ _ _ _'Eua 0.67 — 4.16 1.66 0.92 — 1.17 0.17 — —Tongatapu 0.12 — 2.01 0.15 0.16 — 0.07 — — —Ha'apai south 0.38 0.16 1.72 2.57 1.40 — 0.28 0.24 — —Ha'apai north 0.12 — 0.43 2.21 0.88 — 0.30 0.07 0.16 —
Vava'u 0.46 — 0.57 6.19 1.58 0.45 0.84 1.44 0.16 —
Niuatoputapu 0.08 — — 5.84 0.77 0.30 0.38 1.79 1.15 —Niuafo'ou 0.08 — 1.81 0.25 0.15 0.07 0.49 0.32
N 2361 620 696 1984 5537 658 3900 2840 607 314
The data contained in this table are based on the print-outs of the original computer runs conducted for the The 
Settlement of Polynesia computer simulation (Levison el. al. 1973). The print-outs were kindly provided by 
R.G.Ward (ANU, Canberra). Abbreviations: ATA - Ata; EAST - Easter Is.; FUI - Fiji; KERM - Kermadec 
Is.; LINE - Line Islands; MARQ - Marquesas; N.C. - Northern Cooks; NIUE - Niue; NZ - New Zealand; RAPA 
- Rapa & Austral Is.; ROTU - Rotuma; S.C. - Southern Cooks; SAMO - Samoa; SOCI - Society Is.; TBU - 
Tongatapu & Vava’u; TIKO - Tikopia; TOKE - Tokelau; TUAM - Tuamotu & Gambier I.; TUVA - Tuvalu; UVEA - 
Uvea & Futuna.
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Table 3.6: Probability (in %) of drift voyages reaching Tongatapu (TBU) from the west or north.
Route Chance
Direct voyages
Solomons - TBU simulation not run
Vanuatu - TBU simulation not run
Tikopia - TBU 0
Viti Levu - TBU simulation not run
Vanua Levu - TBU 0
Southern Lau (Fiji) - TBU 0.14
Vava’u - TBU 0.71
Indirect voyages
Tikopia - Rotuma - ’Uvea - Savai’i/Upolu - Vava’u - TBU 0.0000512 x 10-6
Tikopia - Rotuma - Vanua Levu - Southern Lau - TBU 0.0285 x 10'6
Tikopia - Viti Levu (*) - Southern Lau - TBU -2.646 x 10*6
Southern Tuvalu - Vanua Levu - Southern Lau - TBU 10.11 x lO'6
Rotuma - ’Uvea - Savai’i/Upolu - Vava’u - TBU 0.000366 x 10'6
Rotuma - Vanua Levu - Southern Lau - TBU 4.49 x 10'6
Viti Levu (*) - Southern Lau - TBU 18.9 x 10-6
Vanua Levu - Southern Lau - TBU 18.9 x 10-6
Notes: (*) not simulated as a starting point, assumed to be similar to Vanua Levu.
Efate (see table 3.3 for discussion). The sites are now situated on a raised beach, probably the 
result of tectonic uplift (c/. Taylor et al. 1987 for a recent assessment of the sea-level history of 
Vanuatu). More sites are known for Fiji, 12 surface sites and two rockshelters (see table 3.4 for 
discussion).
Chances of drift voyages from Vanuatu or Fiji to Tonga 
The initial settlement of Tonga could have happened in two basic ways: either directly from Vanuatu 
(figure 3.2; route 1), or from Vanuatu via Fiji (route 2). A variation of the latter scenario could be 
a settlement from the Santa Cruz/Main Reef Islands via Fiji (route 3). We can assume that the naviga­
tors who first crossed the 850km-wide water gap between Vanuatu and Western Polynesia sailed in a 
general easterly direction. Maritime experience within the Melanesian island arc would have shown them
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Figure 3.3: Probability of drift voyages in Western Polynesia. Base map.
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Figure 3.4: Probability of drift voyages in Western Polynesia. For base map see figure 3.3.
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Figure 3.5: Probability of drift voyages reaching Tongatapu. For base map see figure 3.3.
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Figure 3.6. Weighted culmulative probability histograms of 14C dates of the Lapita culture in the 
Reef/St.Cruz Islands, Vanuatu and New Caledonia.
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Figure 3.7. Weighted culmulative probability histograms of 14C dates of the Lapita culture in Fiji, Samoa and Tonga.
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that in this direction they were likely to encounter new islands. Given the sailing conditions, with 
regular southeasterly tradewinds which lull only for short periods every year, such exploratory 
voyages could be conducted with a fair margin of safety. The speedy return of the trades allow a safe 
return to known areas, in case no new land or signs of it had been encountered (Lewis 1972). The El 
Nino/Southem Oscillation phenomenon of a temporary warming of the southern Pacific and shifting wind 
patterns may well have assisted (Finney 1979). Although discussion of Polynesian settlement solely in 
terms of accidental dispersal has been laid to rest (Sharp 1956; Golson 1962; Finney 1976; 1979; Ward 
et al. 1973), it seems appropriate to investigate the possibilities of a chance dispersal from Vanuatu 
to Tonga. Drift voyages are attested throughout the Pacific and have frequently occurred in Western 
Polynesia (Dening 1963). Mathematical matrix sorting of historically known drift voyages by Lemaitre 
(1970) shows that displacement from Vanuatu to Tonga did not occur. Though computer simulations have 
been conducted to assess the statistical possibility of dispersal by chance (Levison et al. 1973; Ward 
et al. 1972), taking into account factors such as wind, currents, storms and the survival of crew and 
vessel, no data exist for Vanuatu, as all experiments were run with Polynesian islands as the starting 
points. The simulations showed a small likelihood of a direct chance dispersal from Tikopia to Viti 
Levu (0.14%), but did not result in a drift dispersal to Tongatapu or Vava’u (cf. table 3.5). Such a 
dispersal is highly unlikely, but not altogether impossible, especially if various stop-overs are 
invoked; the route with the highest probability (P =~2.646 x 10'6; or 1 in 2,646,000 drift voyages 
successful) is Tikopia/Vanuatu - Viti Levu (*) - Southern Lau - Tongatapu (cf. table 3.6 for varia­
tions). According to the simulations, chance dispersal from Fiji is possible, both Tongatapu and 
Ha’apai having the same low probability as targets (0.14%), while Vava’u was not reached. Given these 
probability rates, it can be safely argued that the settlement of Western Polynesia in general, and of 
Tonga in particular, was intentional.
Radiocarbon chronology of the Lapita colonisation of Western Polynesia and Tonga
The exercise carried out in figures 3.6 and 3.7 on the chronology of the Lapita expansion shows that 
the Fijian and the New Caledonian dates are overall slightly later than those from Vanuatu, 
which in turn are later than the Reef/Santa Cruz dates. The Tongatapu date series is later than the
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Fijian series, indicating that Tongatapu is likely to have been settled later than Fiji and possibly 
from there rather than directly from Vanuatu.
The linguistic event sequence
The evolution of languages from linguistic evidence can be interpreted as an event sequence, but 
assigning absolute dates to it is a hazardous exercise for various reasons. Whatever the chronological 
dimensions, the linguistic event sequence indicates that POC broke up into the languages of southern 
Vanuatu and New Caledonia and into Proto-Eastern Oceanic, which in turn broke up into the northern and 
central Vanuatu languages and Proto-Central Polynesian, the latter incorporating Proto-Fijian and 
Proto-Polynesian. Following this event sequence, Fiji is likely to have been settled from Vanuatu and 
Tonga from Fiji, rather directly from Vanuatu.
Pottery seriation
A matrix analysis of pottery decoration conducted by Best (1984:617-627) groups the Tongan sites clo­
sely with those on Lakeba of the Lau group in Fiji, distant from those on mainland Viti Levu, and even 
further distant from those of the Reef/Santa Cruz Group. These data provide support for the case both 
for close intercommunication between the two areas and also for deriving the Tongan settlements from a 
mother settlement somewhere in the Lau Group.
THE CHRONOLOGY OF LAPITA IN TONGA
The chronology of the Lapita culture as a whole, as well as its individual island facies rests almost 
entirely on 14C dating. However, local chronologies are possible, based on the development of the 
pottery, as, for example, with Anson’s (1983; 1986) relative chronology of Western Melanesian sites 
using ornamentation.
Relative chronology
Poulsen’s chronology
Poulsen (1976; 1983a; 1987) has established a relative pottery chronology for Tongatapu, based on 
developmental trends in various morphological parameters such as rim form, rim orientation and overall 
ornamentation. Radiocarbon dating provides the endpoints of the series, which are sites TO-Pe-6 as the
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Table 3.7: Compilation of finds from pottery-bearing sites on Tongatapu surveyed, surface-sampled or 
excavated during 1986-1988. (Abbreviations: F 6 - feature 6; RS - rim sherd, WS - wall sherd, BS - base 
sherd, DEC - decorated, UNDEC - undecorated).
SITE
DE C
RS
U N D E C
RS
D EC
WS
U N D E C
WS
T O - A t - 3 0 1 __ __ 1 — — 1 1
T O - A t - 8 5 ! — — 1 — 1 8
T O - A t - 8  6 1 — — 1 — 1 9
T O - A t - 9 6 1 — 2 1 — 1 52
T O - A t - 9 7 1 — 1 1 — 1 10
T O - A t - 1 0 3 1 — — 1 — 1 5
T O - A t - 1 0 9 1 — 3 1 — 1 31
T O - A t - 1 1 0 1 — — 1 — 1 32
T O - A t - 1 1 1 1 — 1 1 — 1 10
T O - A t - 1 3 6 1 — 1 1 — 1 41
T O - A t - 1 4 0 1 — — 1 — I 12
T O - A t - 1 4 2 1 — — 1 — 1 1
T O - B e - 1 1 — — 1 — 1 23
T O - B e - 1 5 1 — — 1 — 1 2
T O - B e - 2 9 1 — — 1 — 1 1
T O - B e - 3 0 1 — — 1 — 1 1
T O - B e - 3 2 1 — — 1 — 1 1
T C - B e - 3 4 1 — — 1 — 1 3
T O - B e - 3 7 1 — — 1 — 1 1
T O - B e - 4 1 1 — — 1 — 1 1
T O - C i - 3 1 — — 1 — 1 10
T O - F a - 2 1 — 3 1 — 1 132
T O - F a - 3 1 — — 1 — 1 16
TO - F a - 4 1 — — 1 — 1 9
T O - F a - 5 1 — 1 1 — 1 70
T O - F o - 1 0 1 — — 1 — 1 11
T O - F o - 1 1 1 — — 1 — 1 11
T O - F o - 1 2 1 — — 1 — 1 7
T O - F o - 1 4 i — — 1 — 1 36
T O - F o - 1 5 1 — 3 1 — 1 123
T O - F o - 1 7 1 — — 1 — 1 5
TO - F u - 2 1 — 1
TO- F u - 8  8 1 — — 1 — 1 21
T O - F u - 9 8 1 — — 1 — 1 9
T O - F u - 1 0 0 1 — — 1 — 1 1
T O - F u - 1 0 1 1 — — 1 — 1 6
T O - F u - 1 0 2 1 — — 1 — 1 1
T O - F u - 1 0 3 1 — — 1 — 1 8
T O-Hi-1 1 — — 1 4 1 45
T O-La-4 1 — — 1 — 1 1
TO - L a - 2 0 1 — — 1 — 1 4
T O -Ka-8 1 — — 1 — 1 18
T O - K a - 1 5 1 — 41 I 1 1 556
TO - K a - 1 8 1 — 8 1 — 1 64
T O - K a - 2 3 1 — — 1 — 1 1
FLAT POT- ADZE HUMAN
BS STAND ADZE FLAKE BONES OTHER
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Table 3.7 (ct’d): Compilation of finds from pottery-bearing sites on Tongatapu surveyed, surface-sam­
pled or excavated during 1986-1988. (Abbreviations: Gra - grab sample [bulk sample]; new - sherds 
collected from a previously examined site (cf. table 3.8); RS - rim sherd, WS - wall sherd. BS - base 
sherd, DEC - decorated, UNDEC - undecorated).
SITE
DEC
RS
UNDEC
RS
DEC UNDEC 
WS WS
TO-Ko-7 1 — — 1 — — 1 6
TO-Ko-9 — 1 — 1 — I 1
TO-Ko-17 — 1 — 1 — I 1
TO-Ko-29 — 1 — 1 — 1 3
TO-Ko-31 — 1 — 1 — 1 4
TO-Ko-33 — 1 — 1 — 1 3
TO-Ko-34 — 1 — 1 — 1 2
TO-Ko-35 — 1 — 1 — 1 4
TO-Ko-36 1 1 — 1 — 1 42
TO-Ko-37 — 1 — 1 — 1 2
TO-Ko-42 1 1 — 1 — I 1
TO-Ko-43 — I — 1 — 1 2
TO-Ko-4 4 — | 1 1 — 1 6
TO-Ko-44 Grc | — 1 — 1 — 1 2
TO-Ma-4 — 1 12 1 2 I 176
TO-Ma-5 — 1 — 1 — 1 3
TO-Ma-6 — 1 — 1 — 1 17
TO-Ma-12 — 1 — 1 — I 38
TO-Ma-13 — 1 — 1 — | 1
TO -M a-16 — 1 — 1 — 1 24
TO-Mu-2 — 1 7 1 — | 242
TO-Mu-17 — 1 — 1 — 1 4
TO-Mu-29 — 1 — 1 — 1 3
TO-Mu-67 — | 1 1 — 1 10
TO-Mu-69 — | 1 1 — 1 13
TO-Nk-2 — 1 4 1 20 I 127
T O -N t-1 5 — 1 81 1 2 1 1745
T O -N k-16 — 1 — 1 — I 50
TO-Nk-17 — 1 — 1 — 1 8
T O -N t-1 9 — 1 — 1 — 1 19
TO-Nk-20 — 1 16 1 21 | 747
T O -N t-4 2 — 1 14 1 — 1 298
T O -N t-4 4 — I 1 1 — 1 26
T O -N t-4 4 — 1 9 1 — I 264
T O -N t-5 0 — 1 4 1 — I 62
T O -N t-5 1 — 1 — 1 — 1 8
T O -N t-5 4 — 1 — 1 — 1 3
TO-Nu-2 5 1 17 1 2 I 347
TO-Nu-8 — 1 5 1 — 1 40
T O -N u -1 2 ,n ew  | 1 1 2 I 1 1 71
T O -N u-16 — i — i — ! 7
TO-Nu-17 — | 1 1 — | 27
T O -N u-19 — 1 — I — 1 8
TO-Nu-22 — 1 — I — 1 2
FLAT POT- ADZE HUMAN
BS STAND ADZE FLAKE BONES OTHER
2
1
2
1
3
1 3
1
3
XX
XX
XX
XX
XX
XX
XX
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Table 3.7 (ct’d): Compilation of finds from pottery-bearing sites on Tongatapu surveyed, surface-sam­
pled or excavated during 1986-1988. (Abbreviations: F 6 - feature 6; RS - rim sherd, WS - wall sherd. BS 
- base sherd, DEC - decorated, UNDEC - undecorated).
DEC UNDEC DEC UNDEC FLAT P O T - ADZE HUMAN
S IT E  RS RS WS WS BS STAND ADZE FLAKE BONES OTHER
T O - N u - 4  6 1 — 1 — 1 - - 1 4 1 1 1 — 1 1 1 —
T O - N u - 4 7 1 — 1 — 1 — 1 5 1 1 1 — 1 1 1 —
T O - N u - 4 7  S2 1 — 1 — 1 — ! 1 1 1 1 — 1 1 1 —
T O - N u - 4 8 1 — 1 5 1 — I 3 4 1 1 1 1 — 1 ! 1 —
T O - N u - 5 0 1 — I 1 1 — 1 5 1 1 1 — 1 1 1 —
T O - N u - 5 1 1 — | 1 1 — 1 14 1 1 1 — 1 1 1 —
T O - O i - 2 a 1 — | — 1 — 1 6 1 — 1 — 1 — 1 1 1 — 1 —
T O - O i - 2 b 1 — 1 — 1 — 1 2 1 1 1 — 1 1 1 —
T O - P e - 1  W e s t 1 — i 2 1 — | 1 1 2 1 1 1 — 1 1 1 —
T O - P e - 1 1 — 1 — I 1 1 30 1 — 1 1 1 ” 1 1 1 —
T O - P e - 2 4 1 — 1 — 1 — 1 4 1 1 1 — 1 1 1 —
T O - P e - 2 7 1 — i 5 1 — 1 54 1 — 1 — 1 — 1 1 1 — 1 —
T O - P e - 2 3 1 — 1 3 I 1 1 9 I 1 1 " 1 1 i - -
T O - P e - 3 5 1 — 1 — 1 — 1 8 1 1 1 — ! 1 1 —
T O - P e - 3 7 1 — 1 2 1 — I 88 I 1 1 — 1 1 1 —
T O - P e - 3 8 1 — | 1 1 — 1 12 1 1 1 — 1 1 1 —
T O - P e - 3 9 1 — 1 — 1 — 1 10 1 1 1 — 1 I 1 —
T O - P e - 4  0 1 2 1 9 | 1 I 1 6 8 1 — 1 1 1 — 1 1 1 —
T O - P e - 6 5 1 — | 77 1 4 I 5 5 1 2 1 1 1 5 1 — 1 1 1 XX 1 —
T O - P e - 6 6 ! — 1 3 1 — i 79 1 1 1 1 - - 1 1 1 - -
T O - P e - 7 1 1 — 1 — 1 — 1 9 1 1 1 " 1 1 1 —
T O - P i - 4 1 — 1 — 1 — | 1 1 1 1 — 1 1 1 “
T O - P i - 6 1 — 1 — 1 — | 1 1 1 1 " 1 1 1 —
T O - P i - 1 2 1 — 1 — 1 — | 1 1 1 1 — 1 1 1 —
T O - P i - 1 3 1 — 1 — 1 — 1 1 1 1 1 — i 1 1 —
T O - T u - 7 1 — 1 11 1 — I 11 0 1 — 1 — 1 — 1 - 1 1 XX 1 - -
T O - T u - 8 I 1 I 33 1 5 1 6 0 9 1 3 1 4 | 1 1 — i XX I XX
T O - T u - 9 1 — I 1 1 — 1 13 1 1 1 " 1 1 1 —
T O - T u - 1 0 1 — 1 — 1 — I 20 1 1 1 — 1 1 1 —
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Table 3.7 (ct’d): Compilation of finds from pottery-bearing sites on other Tongan islands surveyed, 
surface-sampled or excavated during 1986-1988. (Abbreviations: F 6 - feature 6; RS - rim sherd, WS - 
wall sherd, BS - base sherd, DEC - decorated, UNDEC - undecorated).
SITE
DEC
RS
UNDEC
RS
DEC
WS
UNDEC
WS
FLAT
BS
POT-
STAND ADZE
ADZE
FLAKE
HUMAN
BONES OTHER
'Eua
TE-Oh-4 1 -- 1 9 1 I 161 1 — 1 — I XX 1 — 1 —  1 —TE-Oh-10 1 - 1 2 | — I 130 1 — 1 — 1 — 1 — 1 —  1 —
H a 'a p a i
TH-Fo-2
TH-Li-5
TH-Li-6
2 I 1 I 433 I 
—  I —  I I I  
I I  —  I 8 1
V a v a ' u
TV-Pi-1
TV-Pi-2
TV-Pi-3
TV-Ut-7
5 I 47 I 
29 I 
12 I
Table 3.8: Compilation of finds from pottery-bearing sites on Tongatapu surveyed and surface-sampled 
by Birks & Birks (TO-Nu-12), Poulsen (TO-Nk-14; TO-Nt-44) and Green (TO-Ka-1, -5,-6,-10,-11, TO- 
Nk-1, -4, TO-Nt-5, -6, TO-Tu-4). (Abbreviations: old - sample collected by Birks & Birks, as opposed 
to the ones collected by the present author (c/. table 3.7) RS - rim sherd, WS - wall sherd, BS - 
base sherd, DEC - decorated, UM9EC - undecorated).
SITE
DEC
RS
UNDEC
RS
DEC
WS
UNDEC
WS
FLAT
BS
POT-
STAND ADZE
ADZE
FLAKE
HUMAN
BONES OTHER
TO-Ka-1 1 — — 1 4 1 — — I 36 1 " 1 — 1 " 1 — 1 -- 1 "
TO-Ka-5 1 — 1 18 1 5 | 294 1 — 1 1 — 1 — 1 — 1 --
TO-Ka-6 1 — I 94 I 40 11021 1 1 -- 1 -- 1 — 1 — 1 —TO-Ka-8 1 — 1 51 1 2 | 628 1 -- 1 " 1 -- 1 -- 1 -- 1 —TO-Ka-10 1 — I 28 1 — I 194 1 — 1 1 — 1 — 1 — 1 —TO-Ka-11 1 — I 1 1 — 1 20 1 — 1 — 1 — 1 -- 1 — 1 —TO-Nk-1 1 — 1 18 1 11 | 1 1 — 1 -- 1 — 1 — 1 — 1 —TO-Nk-4 1 — | 22 1 12 I 501 1 — 1 — 1 — 1 — 1 — 1 —TO-Nk-14 1 2 I 46 1 8 1 11 1 — 1 ~ 1 — 1 3 1 — 1 ~~TO-Nt-5 1 — 1 — 1 — 1 75 1 — 1 — 1 — 1 " 1 — 1 —TO-Nt-6 I — 1 io 1 18 | 200 1 — 1 1 — 1 — 1 — 1 —TO-Nt-44 1 — 1 2 1 2 1 —TO-Nu-12, old | 1 1 6 i — I 100 1 — 1 -2 i ““ 1 — | XX 1 —TO-Tu-4 1 — 1 45 1 3 1 586 1 — 1 — 1 — 1 -- 1 — 1 —
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Table 3.9: Relative chronology of Tongan Lapita pottery, based on similarities between each phase 
(priority values [PV]; see text), expressed as cumulative distances from site TO-Nk-2. Overlaps at + 5PV are 
starred.
P V S i t e H o r i z o n P h a s e ~4C D a t e s C a l i b r a t e d  B C  x)
87 T O - P e - 6 III L a t e
71 T O - P e - 6 II L a t e
3 9 9  (393) 381 2)60 T O - P e - 6 IT L a t e 2 3 0 5  ±  35 B P *
50 T O - P e - 5 I I I M i d d l e
38 T O - P e - 6 I B  ** M i d d l e
36 T O - P e - 1 II ** M i d d l e
31 T O - P e - 3 I - I I  ** M i d d l e
16 T O - P e - 5 II ★ M i d d l e ( E a r l y  ?)
14 T O - P e - 1 I ★ E a r l y 2 7 1 0  + 55 B P * 910 (828) 801
7 T O - P e - 5 0/1 ★ E a r l y
0 T O - N k - 2 T o t a l ★ E a r l y 2 8 2 5  ± 90 B P * 1 1 2 1 (995) 898
^ Calibration using program CALIB (version 2.0; Stuiver & Reimer 1986), 10 year atmospheric option, Dates 
corrected for ocean reservoir (-240 years) and hard water effects (-240 years).
; Based on the weighted average of ANU-873:2225 ±50 BP*, BC 386 (364) 201; ANU-24:2350 + 200 BP*, BC 790 
(400) 190; NZ-636: 2380 ± 51 BP*, BC 517 (405) 397.
latest and TO-Nk-2 as the earliest17). By comparing the representation of all coded parameters at 
these two sites, Poulsen arrived at trends of increasing, decreasing or stable representation for 
each of them. By calculating the representation of the parameters individually for ail excavation 
units (or horizons), Poulsen was able to seriate the pottery assemblages, using the numbers of 
development trends shared with the early and late site respectively. The difference between the two 
numbers is called the ‘priority value’. These priority values allow for a relative positioning of the 
individual horizons o f the sites excavated by him (table 3.9; Poulsen 1987: 84 fig. A). Using this 
information, Poulsen divided the pottery series into three phases, Early, Middle and Late Lapita.18)
17}- For the sake of consistency, Poulsen’s sites have been renumbered. To.l and To.3 to To.6 are now TO-Pe-1, 
TO-Pe-3 to TO-Pe-6 respectively, while To.2 becomes TO-Nk-2. Poulsen’s (unpublished) To.7 is TO-Nt-14 and To.8 
is T0-Nk44. Golson’s Mangaia mound is TO-Nu-8 and Groube’s Vuki’s mound is TO-Pe-27.
18} According to Poulsen (1987: I 66), potential overlaps may occur between some horizons, if we assign each 
priority value an error margin of ± 5, but he gives no statistical argument for its size.
Chapter 3: The arrival o f people • 98
Table 3.10: Relative chronology of Tongan Lapita pottery, based on percentage frequencies of individual 
independent rim features. The distances (DIS) are expressed as cumulative distances from site TO-Nk-2.
DIS Site Horizon PHASE 14C Dares Calibrated BC 11
334 TO-Pe-6 I II Late299 TO-Pe-6 II Late
399 (393) 381 2)293 TO-Pe-6 IT Late 2305 + 35 BP*
206 TO-Pe-5 III Middle201 TO-Pe-1 II Middle177 TO-Pe-6 IB Middle140 TO-Pe-3 I - I I Middle
108 TO-Pe-1 I Early 2710 + 55 BP* 910 (828) 801105 TO-Pe-5 II Early58 TO-Nk-2 III Early38 TO-Nk-2 II Early28 TO-Pe-5 I Early22 TO-Nk-2 I Early 2825 + 90 BP* 1121 (995) 8980 TO-Pe-5 0 Early
^ Calibration using program CALIB (version 2.0; Stuiver & Reimer 1986), 10 year atmospheric option, Dates 
corrected for ocean reservoir (-240 years) and hard water effects (-240 years).
Based on the weighted average of ANU-873:2225 + 50BP*,BC386(364)201; ANU-24:2350-r 200 BP*, BC 790 
(400) 190; NZ-636: 2380 + 51 BP*, BC 517 (405) 397.
It should be noted, however, that because several of the parameters utilised by Poulsen are not 
independent variables, the sequence based on these priority values is potentially biased. In a 
separate run Poulsen used independent rim features as the basis for his seriation and arrived at 
similar results (table 3.10; Poulsen 1987: 84 f i g .B).
Re-working Poulsen’s chronology
While the sherd assemblages of the newly discovered sites were commonly too small in rim sherds assem­
blage to attempt a proper seriation into Poulsen’s system (see below), one site, TO-Nu-8 (Mangaia 
mound), had a total which was large enough for the analytical purposes. During the seriation, however, 
it became evident that one of Poulsen’s seriation techniques, based on the the percentage representa­
tion (percentage units, PCU) of independent rim features, is not workable as described (Poulsen 1987: 
I 67) and that the corresponding sorted matrix (ibid. II 17 table 19) did not derive, or only
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Table 3.11: Matrix of relative percentage differences (Poulsen’s priority values) between various 
Tongan pottery assemblages. Matrix is based on the seven independent rim features 1, 6, 66, 67, 71, 
72, 87 (see Poulsen 1987: II 6 ff. for definition) and has been sorted unidirectionally with respect 
to TO-Pe-6, horizon III as the youngest layer.
1 6 / 3 6 / 2 6 /T 5 / 3 1 / 2 3 / 3 MAN 6/B 3 / 1 1 / 1 5 / 2 2 / 3 2 / 6 2 / 2 2 / 1 2 / 4 5 / 0
6 / I I I 1 X 45 63 102 105 123 147 154 180 188 208 240 249 256 268 281 285
6 / I I 1 45 X 28 57 60 88 142 109 135 143 163 195 204 211 223 236 240
6 / I T 1 63 28 X 59 50 70 164 91 117 125 145 177 206 193 205 218 222
5 / I I I 1 102 57 59 X 45 89 142 68 78 86 106 138 163 154 166 179 18 3
l / I I I 105 60 50 45 X 64 163 65 75 83 103 135 160 151 163 176 180
3 / I I I 1 123 88 70 89 64 X 219 83 97 101 135 163 220 167 177 180 182
MANG. I 147 142 164 142 163 219 X 151 189 175 182 184 181 196 198 233 231
6 / I B 1 154 109 91 68 65 83 151 X 38 56 68 104 145 114 128 133 131
3 / I - I I 1 180 135 117 78 75 97 189 38 X 30 46 78 123 88 102 107 105
1 / 1 I 188 143 125 86 83 101 175 56 30 X 36 62 119 72 86 93 97
5 / I I I 208 163 145 106 103 135 182 68 46 36 X 40 87 48 66 75 77
2 / I I I 1 240 195 177 138 135 163 184 104 78 62 40 X 63 16 34 51 47
2 /V I I 249 204 206 163 160 220 181 145 123 119 87 63 X 69 55 66 82
2 / I I 1 256 211 193 154 151 167 196 114 88 72 48 16 69 X 26 45 39
2 / 1 1 268 223 205 166 163 177 198 128 102 86 66 34 55 26 X 35 49
2 / I V I 281 236 218 179 176 180 233 133 107 93 75 51 66 45 35 X 48
5 / 0 - 1 1 285 240 222 183 180 182 231 131 105 97 77 47 82 39 49 48 X
Table 3.12: Sorted Robinson matrix based on nine independent rim features
1 3 / 1 6 / 3 6 / 2 6 /T 5 / 3 1 / 2 6 /B 3 / 3 1 / 1 5 / 2 2 / 3 2 / 2 2 / 1 5 / 0
3 / I - I I
1
1 20 0 109 110 109 110 110 110 110 110 110 110 110 110 110
6 / 1 I I 1 109 2 00 183 173 163 157 150 145 129 129 113 107 101 100
6 / I I 1 110 183 200 188 173 167 162 155 139 138 123 117 111 110
6 / I T 1 109 173 188 200 173 168 166 159 143 142 127 120 115 114
5 / 1 I I 1 110 163 173 173 200 184 169 176 166 163 148 143 138 132
l / I I 1 110 157 167 168 184 20 0 171 179 172 167 154 150 144 139
6 / I B 1 110 150 162 166 169 171 200 172 171 172 156 151 145 149
3 / I I I 1 110 145 155 159 176 179 172 200 174 163 161 155 153 147
1 / 1 1 110 129 139 143 166 172 171 174 200 184 178 177 170 165
5 / 1 1 1 110 129 138 142 163 167 172 163 184 200 180 178 171 163
2 / I I I 1 110 113 123 127 148 154 156 161 178 180 200 192 187 183
2 / I I 1 110 107 117 120 143 150 151 155 177 178 192 200 188 183
2 / 1 1 110 101 111 115 138 144 145 153 170 171 187 188 200 179
5 / 0 - 1 1 110 100 110 114 132 139 149 147 165 168 183 183 179 200
partially from this method. Thus it was decided to re-work the matrix in order to check up on the 
chronological conclusions. It was not the aim of the exercise, however, to provide an entirely new 
chronological analysis. Therefore, the matrix system used by Poulsen was re-run (table 3.11) using his 
nine independent rim variables. Seven variables were used in a run including the sample from Mangaia
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Figure 3.8: Sorted and shaded Robinson matrix based on nine independent rim features.
1 6 /  
I 1
6 /  6 /  6 /  5 /  1 1  6 /  3 /  1 /  5 /  2 /  2 /  2 /  5 /  | 
3 2 IT  3 2 I B  3 1 2 3 2 1 0 - 1 1
3 / I - I I
i # # # ..................................................................................................................!
1 # # # ..................................................................................................................|
6 / I I I 1 • .
. # # # X X X o o o o o o + + + + + + - i - + + — . .............................. |
. ###XXXOOOOOOt + + + + + + + +  ................................. j
6 / I I
1 • • 
1 • .
. XXX###XXXo o o o o o o o o +-h ---------------------------------------- \
. X X X # # # X X X o o o o o o o o o + + + ------------------- ------------------- |
6 / I T
1 . • 
1 . .
. o o o X X X # # # o o o o o o o o o + + + + + + + + + --------------------------I
. o o o X X X # # # o o o o o o o o o + + + + + + + + + --------------------------I
5 / I I I
1 . . 
1 . .
. 0 0 0 0 0 0 0 0 0 # # # X X X 0 0 0 0 0 0 0 0 0 0 0 0 + + + + - r + -------------|
. o o o o o o o o o # # # X X X o o o o o o o o o o o o + + + + + + -------------|
l / I I
1 . . 
1 . .
. + + + o o o o o o X X X # # # o o o o o o o o o o o o + + + + + + + + + ------|
. + + + o o o o o o X X X # # # o o o o o o o o o o o o + + + + + + + + h------- 1
6 / I B
1 . . 
1 • .
. + + + o o o o o o o o o o o o # # # o o o o o o o o o + + + + + + + + + + + + 1 
. + + + o o o o o o o o o o o o # # # o o o o o o o o o + + + + + + + + + + + + I
3 / I I I
1 . . 
1 • •
. + + + + + + + + + o o o o o o o o o M # o o o o o o o o o + + + + + + + + + ! 
. + + + + + + + + + o o o o o o o o o # # # o o o o o o o o o + + + + + + + + + |
1 / 1
1 . • 
1 . •
. ------------ + + + o o o o o o o o o o o o # # # X X X o o o o o o o o o o o o |
. ------------ + + + o o o o o o o o o o o o # # # X X X o o o o o o o c o o o o |
5 / I I
1 • . 
1 . .
. ------------ + + + o o o o o o o o o o o o X X X # # # X X X o o o o o o o o o  I
. ------------ + + + o o o o o o o o o o o o X X X # # # X X X o o o o o o o o o I
2 / I I I
1 . . 
1 . .
. . . . ------------ ++ ++ ++ +-f + ooo oooX X X ###X X X X X X X X X  1
. . . . ------------ + + + + + + + + + o o o o o o X X X # # # X X X X X X X X X 1
2 / I I
1 . . 
1 . .
..................  ........+ + + + + + + + + + + + o o o o o o X X X # # # X X X X X X |
.................. ...........H++-t-i-++-t-++++ooooooXXX###XXXXXX I
2 / 1
1 . . 
1 . .
........................... ......... + + + + + + + + + o o o o o o X X X X X X # # # o o o 1
........................... ......... - r + + + + + + + + o o o o o o X X X X X X # # # o o o  1
5 / 0 - 1
1 . .
1 . . 
-1 —
........................... ....................h + + + + + o o o o o o X X X X X X o o o # # #  1
........................... .................. + + + + + + 000000XXXXXX000 # # * !
KEY:
1 0 0 - 1 1 9
— 1 2 0 - 1 3 9
++ +
++ + 1 4 0 - 1 5 9
000
000 1 6 0 - 1 7 9
XXX
XXX 1 8 0 - 1 9 9
# # #
* # # 2 0 0
mound, for which two variables were available from Poulsen’s (unpublished) record of it  The results 
were then checked using a Robinson (1951) matrix (table 3.12; figure 3.8). In principle the Robinson 
matrix repeats the matrices arrived at before and shows that their sequences are robust. In all 
cases, save for the Mangaia sample, the data set used for the creation of the matrices is the same as 
the one used by Poulsen. As is discussed in detail in SS-XIV, the sequence of the new seriations sor­
ted with respect to 6/III is concurrent with the initial sequence arrived at by Poulsen, although the 
method described by him was found to be unworkable and his matrix was partly in error.
As all four seriations, those provided by Poulsen and those run be me, provide distances (expressed 
in PCU or in PV) and allow a spacing of the sites, it was decided to normalise all four methods to a
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Table 3.13: Pottery seriations. Values standardised to 100 (see text).
Ratio of Poulsen's Independent rim
decorated Priority features Combined
v s . rim sherds Values seven nine Seriations
6/III 2 0 0 0 0
6/II 3 18 16 17 17
6/IT 3 31 22 27 27
5/III 20 43 36 41 40
l/II 22 59 37 42 46
NU-8 2 - 52 - 52
6/IB 12 56 54 52 54
3/III 33 71 43 52 56
3/I-II 47 64 63 62 63
1/1 35 84 66 62 71
5/II 48 82 73 73 76
2/III 79 - 84 88 86
2 /VI - - 87 86 87
2 /II 90 100 90 94 95
2/1 73 - 94 99 97
5/0-1 58 92 100 99 97
2 /IV 100 “ “ 99 100 99
Note that the ratio decorated sherds over rim sherds was normalised to a base of 100 and then inverted (100 - 
ratio).
base of 100, to compare the spacing of the four methods (table 3.13). This is shown in figure 3.9.
Also given in figure 3.9 is a combined approach, which takes the arithmetic mean of the three seria­
tions based on priority values, and the seven and nine IRF seriations. This approach indicates that 
some of the samples are placed in subclusters (such as Mangaia, 6/IB, 3/III), while other samples are
very widely spaced, although they are part of the same site (TO-Pe-6 as an example). A further run
(see SS-XIV) was conducted based on a hierachical sorting system, where the sample placed first in a 
in previous run was omitted and the sample placed second was taken as the base. Based on such a hier­
archical sorted sequence, together with the spacing of the sites arrived at earlier, the following 
seriation, starting with the youngest site, appears chronologically sound: 
Time => 6/III, 6/II, 6/IT, [5/III + l/II], [6/IB + 3/I-II], [1/1 + 5/II], [2/III + 2/II], [2/1 + 5/0-1]. 
whereby the bracketed samples are somewhat interchangeable, or at least very close to each other.
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Figure 3.9: Chronological spacing of the individual horizons using all four seriation methods.
Decoration Priority Seven IRF Nine IRF | Combined
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1
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log(x) of Ratio
Figure 3.10: Chronology of Tongan pottery. Regression analysis of priority values vs. the ratio of
decorated sherds over rim sherds
3 0 0 -
~  150 .
.2 1.4 1 .
log(1+x) of Ratio
Figure 3.11: Chronology of Tongan pottery. Regression analysis of distance vs. the ratio of decorated
sherds over rim sherds
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Sequencing the new sites
Since most of the sites forming part of my research were not excavated, their chronological assignment 
can only be made on the basis of the sample of pottery collected on the surface. As the sample for 
each site is commonly quite small (c/. table 3.7), the number of diagnostic rims is also rather limi­
ted: in most cases less than 5, rarely more than 20. To fit the new sites into Poulsen’s sequence by 
calculating priority values on the basis of these few rims would have lent a false sense of accuracy. 
The error values resulting from such an procedure would have been rather large and to calculate them 
would have involved complicated statistical procedures, much too labour-intensive for so few data. 
Thus it was decided to use a coarser approach. In his relative chronology Poulsen (1987:85 fig. D) was 
able to show that the ratio of decorated sherds to rims decreased over time. Although he indicated 
that in some instances this ratio did not permit a very accurate prediction of the relative placement 
of an assemblage, as defined by his prority values, it was decided to utilise this ratio for sequen­
cing the newly found sites to predict priority values and correlate these with Poulsen’s chronology 
(see SS-XIV). Ten rim sherds or 10 decorated sherds were taken as the minimum requirement for the me­
thod. A regression analysis (figure 3.10) showed that the function
Priority value = -45.678 log(ratio) + 105.241
results in the best fit (r*= 0.9). However, given the postulated (but not measured) error margins of 5 
priority values for each of Poulsen’s data points, it seemed wise to calculate the standard error of 
prediction (SEPRED = 22.75 PV) and to give the sequencing of the new sites both in terms of an inter­
cept and a range (table 3.14). In order to investigate a seriation of the new sites based on inde­
pendent rim variables, which would be very different from that based on priority values, a regression 
(figure 3.11) was run on the plot of the distances based on the percentage frequencies of independent 
rim varibales vs. the ratio of decorated sherds over rim sherds. The function
Distance = -203.787 log(l + ratio) + 470.984
results in the best fit (r2 = 0.902; SEPRED = 47.87) and permits the sequencing of the new sites both 
in terms of an intercept and a range (table 3.15).
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Table 3.14: Relative chronology of Tongan Lapita pottery on Tongatapu based on priority values (see 
text). The priority values (PV) are expressed as cumulative distances from site TO-Nk-2.
S i t e H o r iz o n PHASE PV PV R an g e R a t i o
T O -A t-96 SFC L a te  ? 106 83 -  106 0
TO-Ka-10 SFC L a te  ? 106 83 -  106 0
T O -N t-42 SFC L a te  ? 106 83 -  106 0
TO-Tu-7 SFC L a te  ? 106 83 -  106 0
TO-Ka-15 SFC L a te  ? 88 65 -  106 2 .4
TO-Nk-15 SFC L a te  ? 87 64 -  106 2 .5
T O -P e -6 I I I L a t e 87 82 -  92 3
TO-Nu-8 E x c a v . L a te 80 57 -  103 3 .5
TO-Ka-8 SFC L a te  ? 78 55 -  101 3 .9
T O -P e-65 SFC L a te  ? 73 50 -  96 5 .1
T O -P e -6 I I L a t e 71 66 -  76 6
TO-Tu-4 SFC L a te  ? 68 46 -  91 6 . 6 6
T O -P e -6 IT L a t e 60 55 -  65 6
TO-Nu-12 SFC L a te  ? 59 36 -  82 10
TO-Tu-8 SFC M id d le ? 51 28 - 74 1 5 . 2
T O -P e -5 I I I M id d le 50 45 - 55 36
TO-Ma-4 SFC M id d le ? 49 26 - 72 1 6 . 7
TO-Nk-14 SFC M id d le ? 45 22 - 68 2 0 . 8
TO-Nu-2 SFC M id d le ? 44 21 - 67 2 1 . 7
T O -P e-40 SFC M id d le ? 42 19 - 65 25
TO-Ka-5 SFC M id d le ? 39 16 - 62 2 7 . 7
T O -P e -6 IB M id d le 38 33 - 43 22
T O -P e -1 I I M id d le 36 31 - 41 39
TO-Ka-6 SFC M id d le ? 31 8 - 54 4 2 . 6
T O -P e -3 I - I I M id d le 31 26 - 36 85
TO-Nk-4 SFC M id d le ? 26 3 - 57 5 4 . 5
TO-Nk-1 SFC M id d le ? 24 1 - 57 6 1 . 1
T O -P e -5 I I M id d le  ( E a r l y  ?) 16 11 -  21 87
T O -P e -1 I E a r l y 14 9 -  19 63
TO -N k-20 SFC E a r ly  ? 10 -1 3 -  33 120
T O -P e -5 0 /1 E a r l y 7 2 -  12 105
TO -N t-6 SFC E a r ly  ? 2 0 -  25 180
T O -N k-2 T o t a l E a r l y 0 - 5 -  5 143
Newly calculated PV values have been rounded to the nearest absolute number. The PV range of Poulsen’s samples 
has been calculated using an error of + 5 PV, while the error of the new sites is based on the computed standard 
error of prediction (+ ~ 23 [22.75] PV). The ratio represents the ratio of decorated sherds x 100 / rimsherds. 
The new sites (shown in bold) have been positioned in the existing sequence by placing the ratio into the 
regression formula PV = -45.678 log(ratio) + 105.241 (see figure 3.5).
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Table 3.15: Relative chronology of Tongan Lapita pottery on Tongatapu, based on percentage frequencies 
of individual independent rim features. The distances (DIS) are expressed as cumulative distances from 
horizon 0 of site TO-Pe-5.
Site Horizon Phase Distance Error Ratio
TO-At-96 SFC Late ? 471 423 - 471 0
TO-Nt-42 SFC Late ? 471 423 - 471 0
TO-Tu -7 SFC Late ? 471 423 - 471 0
TO-Ka-10 SFC Late ? 471 423 - 471 0
TO-Ka-15 SFC Late ? 362 314 - 410 2.4
TO-Nk-15 SFC Late ? 360 312 - 408 2.5
TO-Nu-8 E x c a v . Late 338 290 - 386 3.5
TO-Pe-6 Ill Late 334 3
TO-Ka-8 SFC Late ? 330 292 - 378 3.9
TO-Pe-65 SFC Late ? 312 264 - 360 5.1
TO-Pe-6 II Late 299 6
TO-Pe-6 IT Late 293 6
TO-Tu-4 SFC Late *? 290 252 - 338 6.7
TO-Nu-12 SFC Late ? 268 220 - 316 10
TO-Tu-8 SFC Middle ? 225 177 - 273 15.2
TO-Ma-4 SFC Middle ? 215 167 - 263 16.7
TO-Pe-5 III Middle 206 36
TO-Pe-1 II Middle 201 39
TO-Nk-14 SFC Middle ? 198 150 - 246 20.8
TO-Nu-2 SFC Middle ? 197 149 - 245 21.7
TO-Pe-40 SFC Middle ? 183 135 - 231 25
TO-Pe-6 IB Middle 177 22
TO-Ka-5 SFC Middle ? 174 12 6 - 222 27.8
TO-Pe-3 I-II Middle 140 85
TO-Ka-6 SFC Middle ? 137 89 - 185 42.6
TO-Nk-4 SFC Middle ? 116 68 - 164 54.5
TO-Pe-1 I Early 108 63
TO-Nk-1 SFC Early ? 106 58 - 154 61.1
TO-Pe-5 II Early 105 87
TO-Nk-2 III Early 58 143
TO-Nk-20 SFC Early ? 47 0 - 95 120
TO-Nk-2 II Early 38 162
TO-Pe-5 I Early 28 110
TO-Nk-2 I Early 22 132
TO-Nt-6 SFC Early ? 11 0 - 59 180
TO-Pe-5 0 Early 0 86
Newly calculated distances have been rounded to the nearest absolute number. The error for the new sites is 
based on the computed standard error of prediction (+ ~ 48). The ratio represents the ratio of decorated sherds 
x 100 / rimsherds. The new sites (shown in bold) have been positioned in the existing sequence by placing the 
ratio into the regression formula Distance = -203.787 log(l + ratio) + 470.984 (see figure 3.6).
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Table 3.16: 14C dates of Lapita sites on Tongatapu.
Site Layer M a t . L a b N o . Date BP* Calibrated BP C a l i brated BC/AD
TO-Nk-15 Dense mid.. Ch ANU-6431 1690 + 160 1820 (1583) 1410 + 130 (367) +540
TO-Nu-3 Layer 2 S? NZ-728 1860 + 50 1868 (1822) 1728 +82 (128) +222
TO-Pe-27 Layer 10 Ch ANU-435 1830 + 850 2779 (1786) 930 -830 (+164) +10
TO-At-9 6 SI ANU-5723 2180 + 60 2319 (2271) 2116 -370 (322) -167
TO-Nu-8 Pit J S? NZ-725 2190 + 80 2332 (2265) 2073 -383 (316) -124
TO-Pe-27 Layer 4 Ch ANU-429 2210 + 145 2349 (2238) 2049 -400 (289) -100
TO-Pe-6 H orizon I S? ANU-873 2225 + 50 2335 (2228) 2150 -386 (279) -201
TO-Ko-4 4 S2 ANU-6432 2230 + 70 2341 (2225) 2145 -392 (276) -196
TO-Pe-27 L a yer 15 Ch ANU-436 2260 + 415 2779 (2228) 1810 -830 (379) +140
TO-Pe-65 S q . 505N/490E SI ANU-6434 2285 + 65 2349 (2339) 2207 -400 (390) -258
TO-Mu-2 L a yer 4 S8 ANU-6751 2320 + 70 2356 (2344) 2323 -407 (395) -374
TO-Pe-6 Oven DN Ch ANU-24 2350 + 200 2739 (2349) 2139 -790 (400) -190
TO-Pe-6 Oven K Ch NZ-636 2380 + 51 2466 (2354) 2346 -517 (405) -397
TO-Pe-27 Layer 14 Ch ANU-441 2440 + 110 2739 (2472) 2349 -790 (523) -400
TO-Pe-27 L a yer 14 Ch ANU-424 2540 + 160 2789 (2735) 2349 -840 (786) -400
TO-Pe-1 Pit A S2 K-904 2680 + 80 2859 (2777) 2750 -910 (828) -801
TO-Nu-8 Layer 3 S? NZ-727 2710 + 55 2862 (2792) 2764 -913 (843) -815
TO-Nk-2 B o t t o m  Z1 SI ANU-541 2825 + 90 3070 (2944) 2847 -1121 (995) -898
TO-Nu-8 Pit C s? NZ-726 2980 + 70 3325 (3184) 3048 -1376 (1235) -1099
Note: • All dates have been recalculated from the original depletion values to allow total compatibility of the 
dates (differences in the counters used have been ignored). • All dates have been corrected for isotopic fract­
ionation, using as a standard the values of 1.5 + 2.0 %o PDB for marine shell, -1.5 + 2.0 %o for lagoonal shell 
and -24.0 +  2.0 %c for wood/charcoal. • Where appropriate, factors for ocean reservoir correction (-240 years) 
and hard water effect correction (-240 years, lagoonal shells only) have been subtracted. • The dates have been 
calibrated using the program CALIB (version 2.0) by Stuiver & Reimer (1986), 10 year atmospheric. The range is 
given, with the central intercepts in brackets. • Since all dates have been recalculated, large deviations from 
published age reports may occasionally occur. • For a full discussion of the treatment of the radiocarbon dates 
see SS-XII. • Abbreviations: CH = Charcoal; M at = Material; SI = Shell, Anadara\ S2 = Shell, Gafrarium; S? = 
Shell, unknown species; Z1 = zone 1. -Date = BC, +Date = AD.
Regardless of which of the two methods is employed with the new sites, the error margins are quite large 
and cause a significant overlap between adjacent sites. Though any fine seriation is impossible using 
such a coarse approach, nevertheless it is able to sort the sites into the three phases, Early, Middle 
and Late, of Poulsen’s scheme. It should be noted, however, that the Tongan ceramic sequence repre­
sents a continuum, with no obvious breaks to help with subdivision. Therefore, the phasing into Early, 
Middle and Late is arbitrary.
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Absolute chronology
The absolute chronology of Tongan Lapita sites relies entirely on 14C dating. Several determina­
tions19) have been made for Tongatapu and are summarised in table 3.16. In calibrated terms the chro­
nological sequence begins by 2940 cal BP, with an array of dates from several sites (TO-Nk-2, TO-Pe-1, 
TO-Nu-8 and TO-Pe-27) between 2940 and 2770 cal BP. A second date cluster falls between 2350 and 2230 
cal BP. One date from the Mangaia mound (site TO-Nu-8; NZ-726), however, is much earlier than all 
others (3200 cal BP), but overlaps with the next youngest date (ANU-541) at the 1 a  level20). It 
seems safe to say that by about 2900 cal BP (900 BC) the Lapita colonisation of Tongatapu was well 
under way. A similar date has been proposed for H a’apai (Dye 1988).
EARLY AND MIDDLE LAPITA SITES IN TONGA 
Environmental reconstruction
Tongatapu
As has been argued in chapter 2, the environment of the lagoon changed continuously over time, as rela­
tive sea-level fell from the Holocene highstand of pre-7000 cal BP. At the time the first people arri­
ved in Tonga, the situation was similar to that shown in figure 3.13: Fanga ’Uta lagoon was a wide open 
bay, with a few small islands across the entrance. Evidence provided by shell-size development of Ana- 
dara and changing proportion of Anadara and Gafrarium shows that the open embayment became the pre­
sent-day enclosed lagoon. However, a detailed spit-by-spit re-analysis (i.e. the smallest analytical 
level possible) of the shells recovered by Poulsen in the 1960s shows the change not to be linear, but 
fluctuating, with conditions changing continously from more open to more brackish conditions and back, 
from the period before human colonisation up to the Middle Lapita Period (SS-V). These conclusions are
19^ See caption of table 3.16 for details of the adopted procedures.
20^  Poulsen (1987: I 82), discussing the 14C dates available to him, mentions that NZ-726 ‘cannot be related to 
any archaeological feature and the redeposited shells which provided the sample may have been natural in 
origin’. For him the argument was strengthened by the fact that the pottery from site TO-Nu-8 appeared late 
on the basis of rim form and other parameters (Poulsen 1978). At present, the early date for TO-Nu-8, outside 
the first data cluster, may indicate that natural shells were indeed have been incorporated in a chronologically 
later pit, but the possibility that NZ-726 is a correct date should not be dismissed outright, given the incom­
plete state of analysis of site TO-Nu-8 and the fact that several decorated Lapita sherds were found there.
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not affected by human shellfish gathering (see below) because of the low level of predation until this 
period. By this time the islands across the mouth of the original open bay had become joined to each 
other and to the mainland to the west, resulting in the present lagoon with its restricted entrance to 
the sea. The transformation had implications for human populations by the way of changes in shellfish 
composition and more complicated navigation of canoes within the lagooa
All five sites known for the Early Lapita Period were located on sand dunes or protruding sand spits. 
While the case for site TO-Pe-5 is not as strong, it can be argued for the other three sites (TO-Nk-2, 
TO-Nk-20, TO-Nu-8,TO-Pe-l) that mangrove or freshwater swamps were located behind these sand spits 
(figure 3.12). It is likely that Tongatapu, and indeed most of the larger Tongan islands, were covered 
with forest at the time of arrival of the first people21). Evidence for forest clearing can be ob­
tained from the Late Lapita site TE-Oh-4 on ’Eua (c/. chapter 4) and from the Early Lapita site TO-Pe- 
5 (see below), although the evidence at the latter site is less convincing.
Ha’apai and Niuatoputapu
The environmental reconstruction of sites in the Ha’apai Group is very sketchy. Dye (1988: 71, 77) 
reports that the sites excavated by him on Lifuka and Tungua were located on old dune systems. Site 
TH-Fo-2 on Foa is located on an old shoreline of unknown date (Spennemann, unpublished fieldnotes). 
The Lapita sites encountered on Niuatoputapu (Kirch 1978; Rogers 1973) are located on a narrow band 
around the island. Considerable evidence exists for a drop in relative sea-level on the order of 1 to 
2 m, exposing the bed of a large lagoon. We can expect that this extreme lagoonal change had an impact 
on exploitation patterns.
A different view is expressed by Sykes (1978), who argues that Tongatapu was densely covered in fem. He 
assumes that the population increase after 1900 led to a change in cultivation patterns resulting in the almost 
complete extinction of ferns. If we accept Sykes’ assumption of a fem cover for Tongatapu prior to 1900, then 
it is possible that ferns formed a secondary vegetation, which gained temporary importance due to the decreased 
cultivation of the Civil Wars (1799-1852) and after and the resulting temporary decimation of the human 
population.
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Figure 3.12: Artist’s reconstruction of the environment at Ha’ateiho, at tne southern shore of Fanga 
’Uta lagoon during Lapita times. A sand spit, possibly a chenier created at a lower stand of relative 
sea-level, blocks off a mangrove or freshwater swamp, behind which is terra firma.
(Drawing: B.-J.Osbome)
Settlement pattern
Distribution of sites
On Tongatapu five sites of the Early and twelve sites of the Middle Lapita Period have been found so 
far. With the exception of one Middle Lapita site, all are located along the shores of present Fanga 
’Uta lagoon (figures 3.15 and 3.16). The selection of Fanga ’Uta lagoon as the prime initial settle­
ment area on Tongatapu is predetermined by the enviromental configuration of Tongatapu. 
Throughout the better part of the year the entire southern and southeastern coast of the island is 
exposed to the tradewinds and a strong southeasterly swell, factors which make the safe navigation of 
large canoes a complicated affair. In addition, the fringing reef is very close to land and virtually
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Figure 3.13: Approximate shoreline of Tongatapu at the time of the arrival of the Lapita people. Note 
that the open lagoon is sheltered from the ocean swell and the tradewinds blowing during most of the 
year. The small islets across the entrance bay provide protection during the cyclone season, when
winds and waves come from the north.
no passages exist. Given the nature of the cliffed shoreline, very few protected pocket beaches 
exist, which are also very limited in their dimensions. Similar conditions prevail along the north­
western and northeastern shorelines. Leeward and thus protected areas exist along the northern shore, 
including Fanga ’Uta. However, if we assume a relative sea-level of 1.5 m above MSL at the time of the 
settlement of Tongatapu, then the shore west of Nuku’alofa22) is likely to have resembled present con­
ditions: extensive intertidal sand- and mudflats protected by an extensive fringing reef, greatly im­
pairing navigation by canoe. The only area on Tongatapu, where sufficient deep-water channels existed 
to guarantee navigation at all times of the day regardless of tidal conditions, was at the then-open
2n) Save for the Nukualofa township area (cf. chapter 2), no detailed contour maps with a 0.5 or even 1.0m 
resolution exist for Tongatapu. The 1.5m contour, and with it the palaeo-shoreline, has had to be reconstructed 
by assuming a linear decrease in elevation from the 5 m contour to present HWL. The actual shoreline is visible 
in the field, but has not been mapped in great detail.
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Figure 3.14: Navigating the lagoonal entrances during Lapita times. A canoe arriving at Tongatapu 
would predominantly come from the north. While the entrance at Nukualofa (A) could be navigated 
without problem, the entrance between Nukunukumotu and Nukuleka involved skirting around Pangaimotu 
(B) or Makaha’a (C). Route B runs through a very narrow channel between Pangaimotu and Makaha’a 
and does not permit any navigational error or sudden gust of wind. Route C is relatively safe, but 
involves sailing against strong currents caused by the SE ocean swell pressing into Piha passage. The 
reconstructions of conditions on routes B and C are based on modem data and presume that the 
dimensions of the coral reefs during the Lapita Period differed only on a minor scale.
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lagoon of Fanga ‘Uta. The western pocket of the lagoon would have been favoured over the eastern one, 
as access to the western sector was much easier (fig. 3.14). The islets located across the entrance 
would have provided protection during the approach of cyclonic wind systems, when wind and waves came 
from the north.
The environmental setting of the early sites as described above closely resembles that of other Lapita 
sites, namely those near Avunatari on Malo (Hedrick 1983) and Erueti on Efate (Garanger 1972:26; 
fig.8), both in Vanuatu, Naigani in the Lomaiviti group of Fiji (Best 1981 :fig 2) and Mulifanua on 
Upolu, Samoa (Leach & Green in press). In all cases small islands protect the site location from the 
open sea. Frimigacci’s (1980) reconstructions for some of the sites on New Caledonia indicate similar 
conditions. This settlement pattern is predicated on the need of the Lapita people to have a secure 
anchorage at their disposal. Whatever the models advanced to explain the spread of the Lapita culture, 
most of them include close contacts between individual settlements, at least during the initial coloni­
sation period, when overall population densities would have been small and new colonies most at risk. 
During that time the canoe would have been the single most valuable item of the entire material cul­
ture as large ocean-going specimens took two years or more to build and their destruction in a disaster 
would have cut off the settlement from independent contact with the outside world.
Early Lapita sites: Four of the five early Lapita sites known so far form clusters of two (figure 
3.15), one located on the southwestern shore of the former open lagoon, the other on Nukuleka penin­
sula, which today, as at the time of settlement, is at the eastern shore of the entrance from the sea. 
The fifth site (TO-Nt-6), dated on its decorated sherd/rim sherd ratio, is located on the northeastern 
shore, outside the lagoon. It is quite possible, given the imprecision of the dating, that this site 
actually belongs to the Middle Lapita Period, which would tie in with the expansion of settlement in 
that period. A possible sixth site, TO-Nu-8, with its debatable very early radiocarbon date NZ-726, 
has been indicated with a question mark. At the time of settlement the site would have been located at 
the western shore of the former lagoonal mouth.
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Figure 3.17: Tongatapu. Pottery found during the 1985/1986 field season. 1.4 TO-Nt-15; 2 TO-Tu-7; 3.5-
6 TO-Tu-8. Scale 1:2.
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Figure 3.18: Tongatapu. Pottery and stone artefacts found during the 1985/1986 field season. 1-21 TO- 
Tu-8; 22-25 TO-Tu-7; 26-32 TO-Mu-2; 33 TO-Mu-67; 34 TO-Mu-69; 35-40 TO-Nk-2;
41-43 TO-Nu-12. 1-20,22-43 Pottery; 21 Stone. Scale 1:2.
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Figure 3.19: Tongatapu. Pottery found during the 1985/1986 fieldseason. 1 TO-Nt-15; 2-9 TO-Nt-44; 11 
18 TO-Nu-2; 19 TO-Ko-42; 20-21 TO-Ka-18; 22-24 TO-Nu-8; 25 TO-Nu-17; 26 TO-At-97;
27-30 TO-Pe-28; 31-35 TO-Ka-15; 36-41 TO-Pe-42; 42-46 TO-Pe-3. Scale 1:2.
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Figure 3.20: ’Eua. Pottery found during the 1987 fieldseason.
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Middle Lapita sites: The settlement pattern of the Middle Lapita sites (figure 3.16) has changed 
slightly: while the two clusters at the southwestern shore of the open lagoon and on Nukuleka penin­
sula have proliferated, new sites have been founded elsewhere. TO-Nu-2 is about 300 to 400 m from TO- 
Nu-8 and could be seen as an extension (daughter settlement) from there, if NZ-726 provides a secure 
date for human activity. One new site (TO-Tu-8) has appeared in the Mu’a area, two on the Kolovai/ 
Kanokupolu peninsula (TO-Ka-4, TO-Ka-5) and another (TO-Ma-4) half-way between the lagoon and 
Kanokupolu. Site TO-Nt-6, discussed above under Early Lapita, has been plotted as a question mark. 
Given the overall increase of sites in the Middle Lapita Period and the lack of Middle Lapita sites 
in that area, it is possible that TO-Nt-6 belongs to this period, rather than to Early Lapita. While 
site TO-Nk-2 had been abandoned (Poulsen 1987:1 82), site TO-Nk-20 may have still existed. Because of 
the almost completely eroded nature of the site, no firm conclusion can be reached. Site TO-Nu-8 has 
also been plotted (as a question mark) on the basis of the 14C date NZ-727.
All newly founded sites are situated along an old shoreline and those at the open lagoon were all ac­
cessible by canoe. An artist’s impression of the situation at the lagoonal shore at Ha’ateiho, where 
the sites were located on a sand spit backed by a freshwater or mangrove swamp, is given in figure 
3.10. The possible Middle Lapita site TO-Nt-6 was outside the lagoon on the northeastern shore, which 
is largely cliffed, although the cliffs are a mere 3 to 5 m high. The site itself, however, is near a 
small beach, which would have facilitated the landing of canoes. Nevertheless, we can anticipate rough 
conditions in times of northerly winds, possibly endangering the berthing of large voyaging canoes 
(see chapter 9 for discussion of wave conditions). Kanokupolu, where sites TO-Ka-4 and TO-Ka-5 are 
found, is one of two small locations on the Kolovai/Kanokupolu peninsula to which a canoe passage is 
feasible. Site TO-Ma-4, however, has no real canoe passage, indicating that this settlement may have 
been founded towards the end of the Middle Lapita Period, when the changes associated with the Late 
Lapita Period had begun to set in (see below).
Ha’ apai, Vava’u and Niuatoputapu
Several Early and Middle Lapita sites are known from Tungua, Lifuka and Foa in the Ha’apai group (Dye 
1988; Spennemann, unpublished fieldnotes). These sites are in the main situated on dune systems or old
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shorelines. It seems that at the time of occupation all sites were located at the shore. Few surveys 
have been conducted on Vava’u and fewer reports have been published. Pottery has been recorded by 
Davidson (1971) and the present author (Spennemann 1987h: I I 104-267). Although some decorated pottery 
has been found, the numbers of sherds are too low to allow for sequencing the sites (table 3.7). 
Again, the sites containing the decorated sherds are located near the present shore or along an old 
shoreline. The Lapita sites of Niuatoputapu are clustered within a narrow band along an old shoreline 
around the inner core of the island (Rogers 1973; Kirch 1978). The distribution of the pottery seems 
to be more or less continuous, without any clear-cut clusters.
Types of sites
In theory four basic types of sites can be expected on Tongatapu: settlement sites, rubbish dumps, 
burial sites and production sites.
Settlement sites
To date only a single unequivocal settlement site (Vuki’s mound; site TO-Pe-27) has been found and 
excavated, but the results have only been cursorily published (Groube 1971). Groube encountered ‘a 
series of house-floors built upon the other with an encircling collar of rich shell-midden deposited 
during and after the living activities in the house. Each house floor, where intact, was very flat, 
and at regular intervals the prehistoric housewife had refurbished the surface with clean coral sand. 
It is unlikely that the house was simply for sleeping and shelter, as the abundant evidence of ash - 
sometimes scattered completely over the horizontal floors - and the remains of scoop fireplaces and 
charcoal indicated complex cooking activities.... Although many clear postholes were recovered on each 
of the house floors, no pattern emerged’ (Groube 1971: 299). Postholes were also encountered by Poul- 
sen in many of his excavations (1987: I 21; 26; 36; 44), again without him being able to discern any 
sensible pattern. The difficulties of distinguishing postholes from planting holes, referred to by 
Poulsen (1987:149), are discussed in chapter 8 and in detail in SS-IV.
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Table 3.17: Location, size (in m) and composition of modem shellfish dumps on Tongatapu.
Distance from 
Location h o u s e h o l d  Size T MA TCH POL TRI STR SCU ANA GAF QUI PER MOD PIN CAR PIN
Ha'ateiho 13-15 5-7 - - X - - X # # X - - X - X
Pea 10-12 5-6 - - - X - - # # X X X X - -
H aveluloto 15-17 5-7 - - - X - - X # X X X - X X
Fanga 14-15 4-5 - X X - - - # # X X - - - -
Pahu 12-15 7-8 X X - - - - # # X X - - X -
Mataika 15-17 6-7 - X - - - - # * X X - - - -
Halaleva 11-13 5-6 - - - X X X X # X X X X - -
Longoteme 15-18 5-6 _ — X X # # X X — X X X
Longoteme 10-12 5-7 - - - - X X # # X X - X X X
Longoteme 10-15 7-8 - - - - - - X # X - X X X X
Longoteme 15-20 6-7 X # # X X X X
Data after Lafitani (1987); Abbreviations: ANA - Anadara\ GAF - Gqfrarium\ QUI - Quidnipagus palatam\ STR - 
Strombus spp.; PER - Periglypta puerpera; MOD - Modiolus modiolus! agripetus\ PIN - Pinctada sp.; SCU - 
Scutacopagia scobinata; POL - Polinices sp.; TCH - Turbo chrysostomus; TMA - Turbo marmoratus\ TRI - large 
Tridacna sp.; CAR- Cardiidae; PIN - Pinnidae; # Dominant species; x species present; - species absent
Rubbish dumps
In the course of a student’s project 11 modem shell middens at various locations around the Fanga 
’Uta lagoon were studied by Lafitani (1987). Details are spelt out in table 3.17. The shell middens, 
each belonging to a single household, are very homogeneous in their appearance. They are located bet­
ween 12-15m away from the house, measure 5-7m in diameter and are very consistent in size. Their size 
seems not to be particularly affected by the size of the allotments in which they are situated, 
through these are in practice not of the same size, although the law only allocates a certain area. 
The modem data can at most represent -130 years (since the end of the Civil Wars in 1852) and in all
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likelihood represent less than 30 years of midden dumping, as is certainly the case with the new 
settlement areas of Pahu, Haveluloto, Mata’ika and Halaleva, which are included in the sample. We can 
conclude that the extensive Lapita middens do not represent discrete household middens but are commu­
nal rubbish dumps. Post-depositional transformation processes, such as dispersal by gardening, need to 
be kept in mind, but the excavated Tcngatapu middens do not indicate anything else but midden dumping 
on a large scale. This not only suggests that numerous households contributed to the dumping, but also 
that these households were in close spatial relationship to the dump. In short, we may infer a clus­
tered housing pattern.
However, a detailed investigation of the trends in the size of Anadara and Gafrarium shells at site 
TO-Pe-1 indicates a spatial differentiation in the dumping pattern, which changed little over time 
(c/. SS-V for detailed discussion). The southern, landward end of the site produced consistently smal­
ler shells compared to the northern, lagoonward end, regardless of chronology. The pattern is there 
already in the subsoil levels of the site immediately prior to its occupation and continues through 
Early Lapita into the Middle Lapita occupation of the site. As no biological explanation can be advan­
ced for this pattern, at least for the cultural layers, a dumping pattern shifting over time has been 
inferred, apparently related to changes in the relative level of the lagoon. That is, with a rise in 
relative level the dumping took place further inland, and with a fall in the relative level the dum­
ping happened further lagoonward. This argument depends on the assumption that when the relative level 
of the lagoon was higher, conditions were less favourable for Gafrarium, which became smaller, while a 
lower relative level with its restrictions on tidal flushing, favoured Gafrarium, allowing them to 
attain a larger size. The argument implies both site continuity and flexibility in its location. It 
also seems to indicate that the houses were erected at a particular distance from the shore which was 
perceived as advantageous, as the settlement shift appears to have been landward-seaward-landward, 
rather than lateral. A very rough estimation of the duration of settlement suggests alternating condi­
tions once within a the lifetime, which easily allowed for a gradual spatial shift in habitation as 
new houses were built.
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It is also important to point out that some of the sites span a considerable period of time. Both TO- 
Pe-1 and TO-Pe-5 show layers of Middle Lapita pottery overlying layers of the Early Lapita Period, 
again indicating a continuity of site usage. It is possible, of course, that one or mere short- to 
medium-term hiatuses in the occupation of the two sites occurred, which have eluded archaeological 
recognition. On the basis of the excavated portions of the sites, some conclusions can be drawn using 
Poulsen’s relative sequencing of sites and horizons. Assuming a linear change in the ceramic parameters 
investigated by Poulsen, some difference can be seen in a comparison of the priority values, which 
could indicate a hiatus between horizons II and II of site TO-Pe-5, between horizons I and II of site 
TO-Pe-1 and between horizons IB and IT of site TO-Pe-6 (cf. Poulsen 1987:1 84 Figures A, C). The 
seriation based on independent rim variables basically confirms this observation (ibid. fig. B). How­
ever, given the limited archaeological investigations of the sites, usually confined to a trench or 
two, we have no real knowledge of spatial distributions within them. The example presented by the 
shell-size distribution at site TO-Pe-1 should be a clear warning against hasty' conclusions.
A certain amount of spatial flexibility within sites has also been indicated by Poulsen (1987: 1 47), 
who argues that midden dumping was likely to be taking place somewhere else at the time (storage-) pits 
were open or fire places were in use within the general dumping area.
Burial sites
No Lapita burial sites are known from Tonga. The single burial uncovered was found in a rubbish midden. 
It will be discussed further below in the section on burial customs.
Production sites
No production sites for Lapita stone tools are known in Tonga, with the possible exception of the (un­
published) site NT-90 on Niuatoputapu, which is said to contain a number of obsidian flakes and cores 
(Kirch 1978; Allen & Bell 1988). Tongan Lapita assemblages are largely devoid of flaked-stone assem­
blages, which is hardly surprising given the nature of the geological environment, in which flakeable 
stone apart from basalt is scarce. Obsidian, which forms an important component of the flaked stone in 
soem Lapita sites in Western Melanesia, can be obtained on Tafahi but seems to have been used in quan-
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tity only on neighbouring Niuatoputapu (Allen & Bell 1988). Obsidian was not traded in any appreciable 
amount to the southern islands, which tends to indicate that flaked stone played a role of minor im­
portance within the framework of Tongan Lapita culture.
Subsistence pattern
The most visible parts of the Lapita subsistence economy are the shells. In the past various assess­
ments have been undertaken to calculate the kcal represented in shell-midden refuse and ultimately, 
based on these data, the size of the contributing human population. Despite its obvious shortcom­
ings2"^  the method provides a suitable analytical tool to compare sites as well as horizons within 
sites, assuming that the percentage of vegetable food consumed is the same. Tables 3.17 and 3.18 pre­
sent such an analysis of the available midden data ffom excavated sites on Tongatapu. Based on the 
excavated portion of the midden, the average shell density per m3 has been calculated. This figure is 
used to extrapolate the total shell content of the entire site. A variety of studies has investigated 
the ratio between meat weight and shell weight, which varies between species (table 3.18). For the 
present study M eehan’s (1977) average ratio of 1:3.67 was used. This seems justified as the bulk of 
the shellfish in the Tongan middens is made up of Anadara and Gafrarium shells and very few very heavy 
(eg. Chama) and very light shells (eg. Modiolus) are represented. On the assumption that shellfish 
meat contains on average about 800 kcal/kg (Meehan 1977) and that -700,000 kcal/yr are needed to sus­
tain a ‘reference individual’23^  we arrive at very divergent figures for different midden horizons. 
The person-years represented in the sites vary from 0.11 (TO-At-96) to 195.78 (TO-Pe-3 horizons I-II).
22)
The weaknessess of such an approach (Cook 1946; Asher 1959; Shawcross 1967; Glassow 1967) are obvious: it 
ignores the possible impact of taphonomic processes inherent in midden-dumping behaviour (Colley 1987; for 
Tonga, Spennemann 1987c) and post-depositional changes resulting in the destruction of midden refuse (eg. Solo­
mon 1986); it does not take into account the consumption of vegetable foods, which commonly leave no archaeolo- 
gically recognisable traces in tropical environments; and finally, although shellfish are the most visible 
remains in the coastal middens, they are not the sole component. In addition, it has been pointed out that 
excessive consumption of shellfish, without compensating intake of fats or carbohydrates, leads to protein poi­
soning with potentially debilitating and even fatal effects (Noli & Avery 1988).
23^  The figures vary between 700,000 and 950,000 kcal/yr. Australia: 710,000 (Meehan 1977), New Zealand: 705.500 
(Shawcross 1976); 985,000 (Shawcross 1972); Central Europe: 700.000 (Milisauskas & Kruk 1984); Northern Europe: 
871,000 (Odner 1972); 810,000 (Poulsen 1983b). For the purposes of this exercise the lower value of 700,000 
kcl/yr is taken.
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Table 3.18: Ratio between shell weight and meat weight of some Indo-Pacific shell species and the 
resulting midden refuse per person per annum (pa) assuming 800 kcal per kg of meat and a consumption 
of 700,000 kcal/pa per head
Weight Shell refuse
Species Location meat : shell (kg/pa) Reference
Patella spp. RSA 1 : 0.95 835.2 Voigt 1975 (*)
Halotis sp. ? ? ? 1 : 1.00 875.0 Waselkov 1987:120
Modiolus vagina suaviter AUS 1 : 1.08 941.3 Meehan 1982:142
Modiolus micropterus AUS 1 : 1.43 1248.7 Meehan 1982:142
Modiolus micropterus AUS 1 : 1.50 1311.2 Meehan 1982:142
Stavelia horrida AUS 1 : 1.62 1420.0 Meehan 1982:142
Tapes hiantina ? ? ? 1 : 1.78 1555.6 Waselkov 1987:120
Volegalea wardiana AUS 1 : 1.88 1647.5 Meehan 1982:142
Terebralia palustris AUS 1 : 2.49 2179.8 Meehan 1982:142
Mytilis edulis ??? 1 : 2.57 2250.0 Waselkov 1987:120
Anadara aliena AUS 1 : 2.61 2284.5 Meehan 1982:142
Anadara aliena AUS 1 : 2.82 2467.9 Meehan 1982:142
Mactra metriciformis AUS 1 : 3.01 2630.1 Meehan 1982:142
Paphies novaezelandiae NZ 1 : 3.08 2695.0 Shawcross 1976
Cymbiola flavicans AUS 1 : 3.20 2800.6 Meehan 1982:142
Ostrea sp. AUS 1 : 4.00 3500.0 Osmond & Wilson 1961
Mytilis edulis ??? 1 : 4.00 3500.0 Waselkov 1987:120
Batissa volacea AUS 1 : 4.00 3503.3 Meehan 1982:142
Telescopium telescopium AUS 1 : 4.46 3898.2 Meehan 1982:142
Anadara granosa AUS 1 : 4.61 4029.6 Meehan 1982:142
Dosinia juvenialis AUS 1 : 4.68 4091.9 Meehan 1982:142
Terebralia palustris AUS 1 : 4.73 4137.1 Meehan 1982:142
Anadara granosa AUS 1 : 5.14 4497.8 Meehan 1982:142
Crassostrea virginica ??? 1 : 5.67 4958.3 Waselkov 1987:120
Ostrea edulis ? ? ? 1 : 6.50 5687.5 Waselkov 1987:120
Other
Buccinum undatum ??? 1 1.38 1208.3 Waselkov 1987:120
Donax variabilis ??? 1 2.57 2250.0 Waselkov 1987:120
Pecten maximus ??? 1 4.56 3990.0 Waselkov 1987:120
Cardium edule ??? 1 6.69 5855.8 Waselkov 1987:120
(*) The data collected by Voigt represent the average of 13 ‘meal catches’ (each sufficient for four 
persons), which consisted of 94.7% Patella spp.
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Table 3.19: Excavated Lapita middens on Tongatapu. Rough estimates of sherd and shell density, 
estimated minimum population^ (in person-years) and pottery destruction ratio per entire site.
Site
ar^a
rtf
M i d d e n  
d e p t h  v o l u m e  
m  m J
E x c a v . 
a^ea 
in
P o t t e r y  Shell
wei g h t  d e n s i t y  d e n s i t y  
kg k g / m  k g / m J
P e rson/  
y e a r s  *)
Po t t e r y  
(kg) bro k e n  
per year
T O - P e - 1 4300 0.5 2150 67.5 164.7 4.9 300.14 200.95 52.42
T O - N k - 2 300 1.5 450 15.0 151.3 5.6 86.73 11.86 212.48
T O - P e - 3 2150 1.2 2580 8.0 29.2 0.5 329.87 318.03 4.01
T O - P e - 5 1000 1.5 1500 13.0 50.5 2.6 120.01 56.06 69.56
T O - P e - 6 1450 1.0 1450 69.0 151.3 2.2 163.62 73.88 43.18
T O - A t - 9 6 80 0.5 5 20.0 2.1 1.7 75.28 0.11 77.28
*) This figure refers to the total midden and is based on the assumptions that the midden density is similar 
throughout the midden, and that 1 kg meat obtained from molluscs contains 800 kcal and that on average 700,000 
kcal are needed to feed one person per year. The ratio meat-weight:shell-weight of Gafrarium and Anadara 
molluscs is estimated to be 1:3.67 (based on Meehan 1977). There is no distinction made between the different 
horizons. The column ‘pottery’ gives the weight (in kg) of pottery broken per person-year, based on the person- 
years calculated on the basis of the nutritional value of the shells. Data from Poulsen 1967. The total volume 
of the sites has been calculated assuming that the sites do not show any significant thinning out on the edges.
As can be seen from table 3.20, the person-years represented in the horizons within the individual 
sites decrease. The Late Lapita site TO-Pe-6 forms an exception, showing an alternating pattern. Table 
3.20 gives also the amount of pottery broken per person and year, using the person-years calculated on 
the basis of the nutritional value of the shellfish24\  The resultant figures permit an assessment of 
the similarity of the sites. Ideally all sites should show, within bounds, similar figures. Any large- 
scale deviations are suspicious and indicative of selective processes. The figures for pottery break­
age (table 3.19) are informative in two aspects: while four of the sites show somewhat similar figures 
(43-77kg/year), two sites are markedly different (TO-Nk-2 and TO-Pe-3).
The amount of pottery broken per person-year at site TO-Pe-3 is extremely low (4kg/year), indicating 
that this site is somehow different from the others. A perusal of the excavation report (Poulsen 1987: 
I 27-29) provides little clue. The large ditch feature encountered in the excavations, however, 
strengthens the argument that this site is unique in the context of the other sites discussed here.
24  ^ Unfortunately Poulsen (1967; 1987) only gives the weight of pottery for sites as a whole, so that any intra­
site variation over time is obscured.
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Table 3.20: Excavated Lapita middens on Tongatapu. Rough estimates of shell density and estimated 
minimum population (in person-years) per horizon.
Midden Excavated Shell Total
area2~m
depth volume3~m
ai^ ea
m
weight
kg
density 
kg/m .
person/
years
TO-At-96 Late 80 0.5 5 20.0 94.51 75.28 0.11
TO-Pe-6 III Late 1450 0.6 870 69.0 13.69 91.27 24.14
TO-Pe-6 II Late 1450 0.1 145 69.0 5.14 205.60 9.06
TO-Pe-6 IT Late 1450 0.2 290 69.0 15.25 305.00 26.88
TO-Pe-5
TO-Pe-6
TO-Pe-1
TO-Pe-3
III
IB
II
I-II
Middle
Middle
Middle
Middle
1000
1450
4300
2150
0.4
0.1
0.6
0.7
400
145
2580
1505
13.0
69.0 
67.5 
29.2
1.06
6.84
4.20
74.89
10.55 
68.35 
33.60 
427.98
1.28
3.01
26.34
195.78
TO-Pe-5 II (Early ?) 1000 0.2 200 13.0 6.22 124.40 7.56
TO-Pe-1 I Early 4300 0.6 2580 67.5 18.90 126.00 98.81
TO-Pe-5 0/1 Early 1000 0.4 400 13.0 37.73 377.30 45.87
TO-Nk-2 Total Early 300 1.5 450 15.0 17.36 86.78 11.87
*) based on the assumptions that 1 kg meat obtained from molluscs contains 800 kcal and that on average 700,000 
kcal are needed to feed one person per year. The meat-weight:shell-weight ratio of Gafrarium and Anadara 
molluscs is estimated to be 1:3.67 (based on Meehan 1977). Data from Poulsen 1967. The total volume of the sites 
has been calculated assuming that the sites do not show any significant thinning out on the edges. Midden den­
sity data for site TO-Pe-1 based on central sampling column S8.
At site TO-Nk-2 the amount of broken pottery is almost three times as high as for any other site. The 
value represented here (212 kg/year) is absurdly high, strongly indicating that the person-year calcu­
lation for this site is heavily biased: either shellfish made up only a minor part of the non-vege­
table diet or plant foods played a much greater role than at the other sites. As is discussed below 
(table 3.26), the number of turtle remains represented in the TO-Nk-2 midden is extraordinarily high 
(85% of all turtle bones recovered) compared to the other sites. With some qualifications, the same 
applies to the fish fauna. It has been suggested that site TO-Nk-2 had a different function from the 
other sites (specialised turtle butchery site; Bland & Reed 1987).
Given the amount of broken pottery indicating a long occupation, it appears that the people of site 
TO-Nk-2 exploited a different ecological niche or, since the site is so far the earliest of all Lapita
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Table 3.21: Exploitation of shellfish resources in the Pea sector of Fanga ’Uta lagoon, Tcngatapu, 
over time. Given are the shell-weight percentages of Anadara, Gafrarium and other species.
S i t e H o r i z o n P H A S E G a f r a r i u m A n a d a r a O t h e r W e i g h t  (g)
T O - A t - 9 6 ★ L a t e 5 4 . 2 6 3 5 . 1 3 1 0 . 6 1 9 4 5 0 7
T O - P e - 6 I II L a t e 5 8 . 0 4 2 6 . 8 1 1 5 . 1 6 1 3 6 9 0
T O - N u - 8 L a y  2 L a t e 2 8 . 1 9 3 0 . 9 7 4 0 . 8 4 255
T O - P e - 2 7 S F C L a t e  ? - 6 0 . 0 0 - 2 0 . 0 0 - 2 0 . 0 0 E s t i m a t e
T O - P e - 6 5 ★ E X C L a t e  ? 5 4 . 2 0 2 7 . 9 6 1 7 . 8 4
T O - P e - 6 5 ★ S F C L a t e  ? 4 6 . 5 4 4 8 . 7 7 4 . 6 9
T O - P e - 6 II L a t e 3 5 . 3 1 5 . 4 2 5 9 . 2 6 86 6 5
T O - P e - 6 IT L a t e 5 1 . 9 3 9 . 4 1 3 8 . 6 6 1 5 2 5 0
T O - P e - 3 9 S F C M i d d l e / L a t e ? - 9 0 . 0 0 - 5 . 0 0 - 5 . 0 0 E s t i m a t e
T O - P e - 3 8 S F C M i d d l e / L a t e ? - 6 0 . 0 0 - 3 0 . 0 0 - 1 0 . 0 0 E s t i m a t e
T O - P e - 3 7 S F C M i d d l e / L a t e ? - 4 5 . 0 0 - 4 5 . 0 0 - 1 0 . 0 0 E s t i m a t e
T O - P e - 3 5 S F C M i d d l e / L a t e ? - 3 0 . 0 0 - 6 0 . 0 0 - 1 0 . 0 0 E s t i m a t e
T O - P e - 5 III M i d d l e 6 4 . 4 5 3 2 . 7 0 2 . 8 4 1 0 5 5
T O - N u - 2 S F C M i d d l e  ? - 6 0 . 0 0 - 3 0 . 0 0 - 1 0 . 0 0 E s t i m a t e
T O - P e - 4 0 S F C M i d d l e  ? - 6 0 . 0 0 - 3 0 . 0 0 - 1 0 . 0 0 E s t i m a t e
T O - P e - 6 IB M i d d l e 4 1 . 8 4 4 . 9 0 5 3 . 2 6 6 8 3 5
T O - N u - 8 L a y 3 M i d d l e  ? 5 5 . 0 6 2 7 . 8 9 1 7 . 0 5 1 4 8 5
T O - N u - 8 P i t 2 A M i d d l e  ? 6 2 . 1 0 2 4 . 3 3 1 3 . 5 7 430
T O - P e - 1 II M i d d l e 8 0 . 4 8 6 . 0 7 1 3 . 4 5 42 0 0
T O - P e - 3 I - I I M i d d l e 3 6 . 8 6 5 4 . 0 6 9 . 0 9 1 0 5 4 6 5
T O - P e - 5
T O - P e - 1
T O - P e - 5
II
I
0/1
M i d d l e  ( E a r l y  ?) 
E a r l y  
E a r l y
6 1 . 1 7
6 4 . 7 8
4 9 . 2 0
1 4 . 3 9  
9 . 8 7  
2 5 . 5 6
2 4 . 4 4
2 5 . 3 5
2 5 . 2 4
6220
1 8 8 9 8
62 4 0
T O - P e - 3 S U B S u b s o i l 2 6 . 4 6 6 3 . 1 9 1 0 . 3 5 1 7 4 9 5
T O - P e - 1 S U B S u b s o i l 3 9 . 4 8 4 9 . 2 6 1 1 . 2 6 3 2 6 0 0
T O - P e - 5 S U B S u b s o i l 3 2 . 9 8 5 5 . 9 8 1 1 . 0 4 1 0 2 3 0
For a detailed breakdown of some sites (*) see the excavation reports. SFC - Surface collection.
sites on the island, that the people harvested an abundance of turtles in the previoulsy pristine 
environment25^ . The observation that turtles become less common over time (table 3.26) further streng­
thens a chronological explanation arguing for an overfishing of the turtle sources. In this context it 
is worth mentioning that the basal layers of site TO-Pe-5, which according to the pottery chronology
25  ^ It has been argued by Brock (1984) that Fanga ’Uta lagoon (and probably also its more open precursor) would 
be a very suitable habitat for turtles, were it not for human predation.
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Figure 3.22: Size distribution of Gafrarium shells in subsoil, Early and Middle Lapita samples.
Cumulative percentages.
represent the next oldest archaeological horizons, contain a large number of lizard bones (97% of all 
lizard bones recovered), while the chronologically subsequent horizons show only a fraction of that 
number.
Both these points support an interpretation of the Lapita people as opportunistic foragers, who heavi­
ly utilised non-domesticated resources if they were available. The same pattem has been observed 
elsewhere (cf. Best 1984 for the Lau Islands). Given the slow build-up of populations of domesticated ani­
mals, as described below, such unspecialised foraging was necessary to ensure successful colonisation 
of new lands.
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Table 3.22: Exploitation of shellfish resources in the Mu’a sector of Fanga ’Uta lagoon, Tongatapu, 
over time. Given are the shell-weight percentages of shell-weight of Anadara, Gafrariiun and other species.
S i t e H o r i z o n P H A S E G a f r a r i u m A n a d a r a O t h e r W e i g h t  (<
T O - N k - 1 5 III L a t e 1 2 . 2 2 3 6 . 6 9 5 1 . 0 8 1 1 4 8
T O - N k - 1 5 II L a t e 1 8 . 9 9 5 1 . 0 0 3 0 . 0 0 4 0 8 4
T O - N k - 1 5 I L a t e 1 6 . 3 3 4 2 . 2 4 4 1 . 4 3 9 4 3 7
T O - M u - 2 L a y  2 L a t e 1 7 . 6 5 7 . 2 5 7 5 . 9 0 7 14
T O - M u - 2 L a y  3 L a t e 1 0 . 0 2 5 . 4 6 8 4 . 5 2 198
T O - M u - 2 L a y  4 L a t e 3 . 6 9 1 7 . 5 7 7 8 . 7 4 421
T O - M u - 2 L a y  5 L a t e 0 . 0 0 2 3 . 9 4 7 6 . 0 6 2 3 3
T O - T u - 7 S u r f a c e L a t e  ? - 1 0 . 0 0 - 3 0 . 0 0 - 6 0 . 0 0 E s t i m a t e
T O - T u - 8 S u r f a c e M i d d l e  ? - 1 0 . 0 0 - 4 0 . 0 0
oo0
 
ln1 E s t i m a t e
T O - N k - 2 I II E a r l y 1 4 . 1 6 4 5 . 2 2 4 0 . 6 2 4 0 2 5
T O - N k - 2 II E a r l y 7 . 5 7 6 7 . 5 5 2 4 . 8 8 5 0 8 5
T O - N k - 2 I E a r l y 9 . 2 0 7 6 . 5 4 1 4 . 2 6 4 9 4 5
Table 3.23: Student’s r-test (two-tailed test, separate variance estimate) on the means of various 
assemblages of Gafrarium and Anadara from Early and Middle Lapita layers.
N MEAN SD SE N MEAN SD SE t  d f P
Gafrarium
Subsoil below Early Lapita vs. Early Lapita sites
2 1 1 1  3 3 . 4 4 6 2  9 . 3 7 6  0 . 2 0 4  4 3 4 3  3 5 . 6 4 1 8  7 . 9 7 9  0 . 1 2 1 - 9 . 2 5  3 6 3 7 . 7 9 0 . 0 0 0
Early Lapita sites vs. Middle Lapita sites
4 3 4 3  3 5 . 6 4 1 8  7 . 9 7 9  0 . 1 2 1  3 2 1 8 3 3 . 4 8 7 4  8 . 3 7 1  0 . 1 4 8 1 1 . 2 9  6 7 4 2 . 2 1 0 . 0 0 0
Anadara
Subsoil below Early Lapita vs. Early Lapita sites
1 1 8 9  4 8 . 7 4 2 6  1 3 . 5 2 5  0 . 3 9 2  1 3 8 3  4 7 . 6 3 9 2  1 3 . 7 2 2 0 . 3 6 9 2 . 0 5  2 5 2 2 . 7 0 0 . 0 4 1
Early vs. Middle Lapita sites
1 3 8 3  4 7 . 6 3 9 2  1 3 . 7 2 2  0 . 3 6 9  42 4 9 . 3 4 5 2  1 1 . 5 1 7 1 . 7 7 7 - 0 . 9 4  4 4 . 6 1 0 . 3 5 2
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Figure 3.23: Size distribution of Gafrarium shells in subsoil, Early and Middle Lapita samples.
Histograms.
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Hunting and gathering
Shellfish gathering
The size distribution of Anadara and Gafrarium shells on Tongatapu has been the focus of a series of 
archaeologically based studies (Poulsen 1987:1 226-231; Spennemann 1986e, 1987a, 1989). The most re­
cent detailed assessment has been presented elsewhere (c f SS-VII), to which reference is made. It is 
sufficient to repeat only the main results in this context. A comparison of the size of shells in the 
subsoil with that of shells in the Early Lapita layers shows that the latter shells are significantly 
larger than the shells from the subsoil. This is interpreted as the result of humans intentionally 
selecting larger shells during foraging and thus influencing the age composition of the dead shells 
deposited in the midden layers. The Middle Lapita layers show a decrease of shell size compared to 
the Early Lapita layers, showing that increased predation has had some effect on the age composition 
of the shell population. However, the lack of statistical significance in this change in shell size 
between Early and Middle Lapita, for both Anadara and Gafrarium, indicates that human predation pres­
sure on the shellfish populations was not great. Compared with the evidence of predation pressure in 
later periods, this suggests that the predating human population was low.
Given the coastal settlement pattern of the initial settlers of Tongatapu, the exploitation of marine 
resources other than shellfish can be expected. While fishing will be discussed in detail below, some 
comment is in order about other food sources, some of which do not leave any trace in the midden (such 
as sea weed and holothurians). Remains of sea urchins and chitons occur frequently in the middens and 
can be regarded as food remains, while the remains of starfish {cf. SS-IIIa) are not. The midden ana­
lysis of site TE-Oh-4 shows the presence of a relatively large number of very small Nerita spp., 
which is possible indirect evidence for the introduction of sea weed to the site.
Fishing
As can be expected from coastal sites, fishing plays an important role in the subsistence economy. 
Currently only six studies on archaeological fishbone assemblages from Tongan Lapita sites exist, 
varying greatly in detail (Butler 1988; Colley 1985; Dye 1988; Kirch 1984:60; Kirch & Dye 1979; 
Poulsen 1967, 1987; Spennemann 1987b). In table 3.24 the 21 fish taxa identified in the various Lapi-
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ta middens have been summarised. None of the sites shows the entire range of taxa: indeed no site has 
more than half the taxa present. In view of the large number of unidentified vertebrae in the 1 mm 
mesh samples (e.g. TE-Oh-4; TO-At-96), we can assume that many more taxa are represented than those 
listed in table 3.24~6l  For example, the sorting of some very distinctive (but hitherto unidentified) 
vertebrae from site TE-Oh-4 has resulted in the recognition of a further 10 species. Of these verte­
brae approximately 70% were less than 4 mm in length (height of centrum) and many of them (about 40%) 
were only 2 mm long. Using the size of the vertebrae as a very rough measure, we can assume that most 
of the fish present in the sample were under about 150 mm in length, and many even less than 100 mm.
The fish families identified can be grouped into two habitats. Most of them are coral-reef species 
(Diodontidae, Holocentridae, Labridae, Lethrinidae, Scaridae, Siganidae), easily caught in reef passa­
ges. The others are more open-sea species (Belonidae, Carangidae, Sphyraenidae). However, an assessment 
of the fish fauna currently occurring in Fanga ’Uta lagoon (table 1.7; cf. SS-X for detail) indicates 
that most species, including carangids and sphyraenids, can be caught in the lagoon. The biological 
character of the tabulated fish is not discussed here. Such information is readily available 
(Bagnis et al. 1974; Burgess & Axelrod 1973; Munro 1967).
2 £ \
~ ' Some comments on taphonomic issues are necessary. Any comparison of the fish bone assemblages of Lapita 
sites within and beyond the Tongan archipelago is potentially biased by four major factors: i) sampling techni­
que; ii) recovery technique; iii) identification procedure; iv) differential preservation. Sieving a typical 
Tongan midden sample through 1 mm mesh (mosquito screen, actually 1.2mm) shows that spines are by far the most 
frequent skeletal element, followed by vertebrae, whereas headbones are rare. This finding is consistent with 
observations made on previous excavations of Tongan Lapita middens on Tongatapu, Ha’apai and Niuatoputapu, which 
have commonly been sieved through a 1/4" mesh (6.25 mm) (cf. Colley 1985). Poulsen (1967; 1987: II tables 105; 
106) gives no data on the overall number of fishbones recovered, but states that the identification relied on 
headbones and other diagnostic skeletal elements (N=179). The composition of the fishbone assemblages from the 
three Niuatoputapu sites (TV-Nt-90, -93, 100) has not been published in detail (Kirch 1984:60; Kirch & Dye 1979: 
70-71; Butler 1988), but based on the available figures, it seems that identifiable bones (i.e. headbones and 
so-called ‘special’ bones; cf. Leach 1986) are somewhat ‘better represented’ in the 6.25 mm sieves (TV-Nt-90: 
33.44%;TV-Nt-93:29.17%;TV-Nt-100:24.84%)thaninthe 1mm mesh samples (TE-Oh-4:1.48%), very possibly indi­
cating a severe loss in bone material during recovery. Since skeletal elements are not equally represented 
within the skeleton, the figures have to be adjusted. When we compare the skeletal composition from a midden 
sample sieved through 1 mm with that in the ’ideal fish’ (for definition see Spennemann 1987b: note 11), head­
bones (which generally means larger bones) are dramatically underrepresented, whereas vertebrae are overrepre­
sented (ibid. D-44 table 27; D-45 table 28). The representation of spines follows the expected value. A prelimi­
nary analysis of the fish remains from the sites excavated by the author on Tongatapu and Pangaimotu gives the 
same impression. The taphonomic agents responsible for this differential preservation may be natural geochemical 
erosion, human consumption (Jones 1984), human rubbish disposal (Colley 1987) or scavenging of larger bones by 
dogs and pigs (cf Spennemann 1987a). None of the bone fragments recovered from Tongan midden samples, has shown 
evidenceofchewingbyrats,dogs,pigsorhumans(c/.Jonesl984;1986;Payne&Munsonl985;Solomonl986;Wal-tersl984).
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Table 3.26: Fish families (and ORDERS) identified in various Lapita shellmiddens in the Tongan 
Islands. Presence/absence only.
Family
TE-
Oh-4
TO-
Pe-1
TO-
Nk-2
TO-
Pe-3
TO-
Pe-5
TO-
Pe-6
TO-
Pe-27
TV-
Nt-90
TV-
Nt-93
TV-
Nt-100
TH-
Li-
TH-
Tu-
Acan t h u r i d a e X _ __ __ X X X X X
Bal i s t i d a e  1) - - X - - - - X - X - -
Belonidae - - - - - X - - - - X -
C a r a ngidae X - - - - - - - - X X -
Cheilodactylidae i — - X - - - - - - - - -
Diodontidae X X X - X X - X X X X X
E L A S MOBRANCHII - X X - - - - - - - - -
Kyp h o s i d a e  2) - - X - X - - - - - - -
Holoc e n t r i d a e X - - - - - - - - - X -
Labridae X X X X - X X X X X X -
Lethrinidae X X X - - X X X - X X X
Lutjanidae - - - - - - - X - - X -
M u r a enidae - X - - - - - - - - - -
O s t raciidae 3) - - - - X - - - - - - -
Pomadas y i d a e - - X - - X - - - - - -
Scaridae X X X - X X X X X X X -
Serranidae - X X - X X X - - X X X
Siganidae X - - - - - - - - - - -
Sparidae - X - - - - - X X X - -
Sphyraenidae - - - - - X X - - - - -
T e t r a dontidae X
Notes: 1) includes the Monocanthinae (Monocanthidae in Poulsen 1987); 2) Girrilidae in Poulsen 1987; 3) 
Ostraciontidae in Poulsen 1987. Orders in Capital letters, families in small letters. Compiled after Colley 1986 
(TO-Pe-1); Kirch 1984:60; Kirch & Dye 1979 (TV-Nt-90, -93,-100); Poulsen 1967; 1987 (TO-Pe-1, -5, -6, TO-Nk-2);
Dye 1988 (Tongoleleka [TH-Li], Fakatafenga [TH-Tu]); Spennemann 1987b (TE-Oh-4). Family names after Nelson 1984.
Numerous historical accounts give valuable information on fishing in Tonga (Martin 1817; 1827; Reeson 
1985; Ruhen 1966). Various studies of Tongan fishing techniques and fishing gear exist, which deal to 
some extent with the types of fish caught by different methods27l  The most detailed studies in this 
respect are the ethnoarchaeological works of Dye (1983) and Kirch and Dye (1979). Traditional Tongan 
fishing techniques for individual fish taxa as abstracted from the above mentioned sources are given in 
table 3.22 (for a more detailed discussion see SS-X). Most of fish in the Lapita shell middens can be 
caught by two primary methods, both leaving, in the Tongan case, no archaeologically recognisable tra-
27) Bataille-Benguigui 1981; 1984; Dye 1983; Halapua 1982; Kirch & Dye 1979; Koch 1955; McKern n.d. b; Pulu 
1981; Sanders 1962; Vaea & Straatman 1954; van Pel 1955a; 1955b; Whitcombe 1930.
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Table 3.25: Fish taxa occurring in Tongan Lapita sites and the Tongan fishing methods used.
Family Angling Netting Spearing Poisoning Trapping Drives
Acanthuridae 7 X X X X X
Balistidae X X X X X ?
Carangidae X X - - X X
Belonidae X X X ? 7 ?
Cheilodactylidae - X X - X X
Diodontidae - X X - X ?
ELASMOBRANCHII,sharks X - - - - X
ELASM O B R A N C H I I ,rays - X - X X
Kyphosidae - - - - X 7
Holocentridae X X - X X ?
Labridae X X X X X ?
Lethrinidae - X - X X X
Lutjanidae X X X X X X
Muraenidae - X - X X X
Ostraciidae - 7 X - X X
Pomadasydae X X X - X ?
Scaridae - X X X X X
Serranidae X X X X X ?
Siganidae - X - - X 7
Sparidae X X X - X ?
Shyraenidae - 7 X - X ?
Tetradontidae * X ?
ces: netting and trapping. It is true that Anadara shells perforated at the umbo are ethnologically 
recorded as net sinkers and have been interpreted as such in archaeological contexts {cf. Poulsen 
1987: I 184). However, as has been shown elsewhere (SS-III), the perforation of the umbo on Anadara 
shells may be the result of natural causes, such as wave action.
No detailed reconstruction of fishing techniques based on the archaeological material from the Tongan 
Lapita sites will be attempted here, since the approach is doubtful given the very general level of 
identifiction possible with the archaeological fishbone assemblages {cf. Colley 1987b). Even the usual 
habitat and behaviour classifications, such as lagoonal, benthic and pelagic, may occasionally become 
meaningless, as fish temporarily or seasonally change their normal habitat and, for example, come in­
shore. Best (1984:507-508) has documented instances when predominantly offshore fish, such as the some 
Carangids, were netted with a handheld net 5m off a sandy beach. In addition, the analysis of stomach
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Table 3.26: Chronological assessment of fish families (and ORDERS) identified in various Lapita 
shellmiddens in the Tongan Islands.
Family
All Tonga
Early Middle Late
Tongatapu only 
Early Middle Late
Acanthuridae X X X X X X
Balistidae 1) X X X X
Belonidae X X X X
Carangidae X X X X
Cheilodactylidae X X
Diodontidae X X X X X X
ELASMOBRANCHII X X X X
Kyphosidae 2) X X
Holocentridae X X X X X X
Labridae X X X X X X
Lethrinidae X X X X X X
Lutjanidae X X
Monacanthidae X X
Muraenidae X X
Ostraciidae 3) X X
Pomadasydae X X X X X X
Scaridae X X X X X X
Serranidae X X X X X X
Siganidae X X
Sparidae X X X X X X
Sphyraenidae X X
Tetradontidae X X
Notes: 1) includes the Monocanthinae (Monocanthidae in Poulsen 1987); 2) Girrilidae in Poulsen 1987; 3) 
Ostraciontidae in Poulsen 1987. Presence/absence only. For further explanation see caption of table 
3.24. Chronology after Poulsen 1987.
contents of tuna (SSAP 1983) caught in Tongan waters has shown the presence of reef fish (c f . table 
SS-X.4), indicating that they too occasionally come inshore. The occurrence in archaeological contexts 
of fish like this, which are normally caught off-shore using hooks, could lead to wrong conclusions 
about fishing technology.
If we compare the fish fauna from Tongan Lapita sites/horizons organised into Early, Middle and Late, 
some patterning is evident (table 3.26). Some fish families are documented for a single site or occur 
in a single chronological phase. In general, the greatest variety of species occurs in the Early (19 
out of 21) and in the Late (14) Lapita phase. The lowest number of species is found in Middle Lapita. 
This, however, may be an artefact of inadequate research, as Early and Late Lapita sites are better
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represented. The same applies to post-Lapita, where only one site has been analysed so far.
Given the inadequacy of the data, care should be taken not to overinterpret the data by putting too 
much emphasis on the lack of a certain species. Differential preservation and other taphonomic fac­
tors, as set out in footnote 26, can influence the final result. However, bearing all this in mind, 
the absence of Carangidae and Sphyraenidae from ail four Early Lapita sites on Tongatapu (cf. table 
3.23) is striking and may indicate that these fish were actually not taken. Since they occur in the 
lagoon (table 1.7) this absence cannot be used as evidence for the lack of offshore fishing techno­
logy. Scaridae are present in every single archaeological fishbone assemblage so far analysed. Other 
dominant families are Serranidae, Labridae, Diodontidae and Sparidae. This prominence may well be 
partly due to the factor of differential preservation, as the pharyngeal plates of Scaridae and 
Labridae, as well as the dermal spines of Diodontidae survive very well. Carangidae and Belonidae do 
not occur in the early sites except for the Ha’apai Group: both families are pelagic fish, very rarely 
seen inshore within the reef. Their apparent absence may be due to the fact that vertebrae are com­
monly not identified (cf. Fowler 1953:2; Leach 1986).
Beyond the Tongan Islands, Lapita fishbone assemblages reveal the same predominance of inshore and 
reef-edge species over open-sea species.28) Among the lagoonal and reef species, scarids seem to be 
the most frequent family in the early sites. Scarids, however, cannot be caught by baited lines. As 
Green (1986:131) has noted, this ‘suggests that techniques other than angling were preferred methods 
of catching fish in the initial stages of the settlement of Eastern Island Melanesia and Polynesia’. A 
heavy reliance on trapping seems to be the best assumption, followed by spearing.
Turtles, marine mammals and octopus
As already mentioned, turtles were extremely abundant in site TO-Nk-2 (tables 3.27 & 3.28) and
present to a lesser extent in the other sites excavated by Poulsen (save for TO-Pe-4). It has been 
suggested that the reason for this variation is basically chronological: the inhabitants of the
28} This predominance agrees well with an overall impression of the fish available at the Nuku’alofa fishmarket 
in 1985-88.
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Table 3.27: Presence/absence matrix of terrestrial, non-fish marine and avifaunal remains in various 
excavated Lapita sites on Tongatapu and ’Eua. (Data after Poulsen 1987 & Spennemann 1987b).
Turtle Porpoise Lizards Landbird Seabird
TE-Oh-4 Late XX
TO-At-96 Late
TO-Pe-6 III Late XX
TO-Pe-6 II Late XX
TO-Pe-6 IT Late
TO-Pe-5
TO-Pe-6
TO-Pe-1
TO-Pe-3
III
IB
II
I-II
Middle
Middle
Middle
Middle XXX
X
TO-Pe-5 II (Early ?) X ?
TO-Pe-1 I Early XXX X X X
TO-Pe-5 0/1 Early XXX ? XXX
TO-Nk-2 Total Early XXX XX
Code: X - one bone; XX - up to five bones; XXX - more than five bones.
very early site TO-Nk-2 were able to exploit a pristine environment, while those of later sites were 
dealing with a resource increasingly diminished by predation. Turtle have also been identified for 
site NT-90 on Niuatoputapu (Kirch 1978; Nagaoka 1988), Fakatafenga (Dye 1988:117) and Tongoleleka 
(ibid. 142) on Ha’apai and other Lapita sites beyond the Tongan archipelago (cf. Nagaoka 1988). The 
large representation of turtle bones in the earliest Lapita layers seems to be a common phenomenon, 
pointing to initial human impact on untouched environments.
Five porpoise bones were identified on Poulsen’s sites by Bland & Reed (1987; Poulsen 1987:1235). Some 
of these seem to be postcranial bones, indicating that the animals may have been taken for their meat 
rather than, or in addition to their teeth, which were often used for artefacts and ornaments (cf. Sin- 
oto 1970: 107 for the Marquesas). Porpoise has been found archaeologically on other Polynesian islands 
(eg. Huahine: Leach et al. 1984; Rennell: Chikamori 1986), but, on the whole, is a rare (rarely identi­
fied?) animal in the faunal remains (cf. Hall 1986 for the special role of dolphins in numerous cultures).
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Table 3.28: Frequency distribution (in % of all bones per species) of turtle, porpoise and lizard
bones in various Lapita sites on Tongatapu and ’Eua. Bones of uncertain stratigraphic assocation are 
omitted: hence total may not reach 100%. (Data after Poulsen 1987 & Spennemann 1987b).
Turtle Porpoise Lizards
TE-Oh-4 Late
TO-At-9 6 Late
TO-Pe-6 III Late
TO-Pe-6 II Late
TO-Pe-6 IT Late
TO-Pe-5
TO-Pe-6
TO-Pe-1
TO-Pe-3
III
IB
II
I-II
Middle
Middle
Middle
Middle
TO-Pe-5 II (Early ?)
TO-Pe-1 I Early
TO-Pe-5 0/1 Early
TO-Nk-2 Total Early
1.05
0.63
25.00
2.74
0.21 25.00 (?) ---
2.32 ----  0.67
2.11 ----  97.24
85.23 50.00 ---
Total (n of bones) 474 4 145
Ethnographic observations have shown that the dorsal caps of tiger cowries (Cypraea tigris) were used 
as parts of octopus lures. Both dorsal caps and basal parts with the dorsum removed have been fre­
quently found in Lapita sites (c f Poulsen 1987:1 188-189; see also compilation in SS-II) and have 
been interpreted as remains of octopus lures. Observations of the shell-breakage pattem at beaches, 
however, have shown that these items may well be natural artefacts rather than tools (see SS-II).
Land and bird fauna
Large-bodied lizards (Brachylopus sp.), now extinct on Tongatapu and possibly throughout Tonga (Gib­
bons 1981), have been reported from a single site on Tongatapu. They occur in abundance in the basal 
layer (horizon 0) at site TO-Pe-5. The next horizon (I) also contains a few bones. Some of the lizard 
bones were apparently worked into beads (Bland & Reed 1987). Lizard bones of the same species have 
also been reported from Tongoleleka, Ha’apai (Dye 1988). Both on Tongatapu and Ha’apai lizards seem to
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be concentrated in the lower deposits of Early Lapita sites. This concentration may be the result of 
human predation of a hitherto unpredated animal, as in the case of turtles. The lack of large-bodied 
lizards in later contexts may also be due to some extent to the spread of the newly introduced rat. 
Rattus exulans, known to predate on lizard eggs and to decimate lizard populations (c/. Whitaker 1973).
A wide range of land- and sea birds has been identified in Lapita contexts on Tongatapu and beyond. 
Besides chicken, which occurs from Early Lapita onwards, Poulsen (1967; 1987:241) mentions Gailinulae 
(rails),Procellariidae, Tytonidae (owls) and three species of Passeriformes not further identified. Of 
these, the owls (Tyto alba lulu) are likely to be in a post-Lapita context. It should be noted that 
the overwhelming majority of bird bones could not be identified due to severe fragmentation. The same 
applies to the bird bones from site TE-Oh-4 on ’Eua, where only a coracoid of a passerine bird could 
be identified (possibly the Polynesian starling, Aplonis tabuensis; Spennemann 1987b: D-43). Bird 
bones have also been recorded from Lapita sites on Niuatoputapu (Kirch 1978) and onTungua and Lifuka, 
Ha’apai (Dye 1988). Besides chicken, Kirch mentions Procellariidae (shearwaters and petrels), Laridae 
(gulls and terns) and Sulidae (boobies). Dye (1988:117) reports, in addition to Procellariidae, Frega- 
tidae (frigate birds), Columbidae (pigeons) and Stumidae (starlings).
Fruit bats (Pteropus sp.) form a quite common element in the faunal remains of Lapita sites in Mela­
nesia and Fiji. It is the only mammalian species which may have been endemic on Tonga prior to the 
arrival of man, although a case has been made earlier for a human introduction during Lapita times. It 
is of interest in this context that Tongan oral traditions claim an introduction from Samoa (Fanua 
1983). In this tradition the fruit bat is considered a chiefly animal. Ethnographically fruit bats were 
sacred and normally hunted only by high-ranking chiefs, and today by members of the Tongan Royal 
family. Dead bats, for example those fallen off a tree, are free from the tapu and may be taken and 
eaten by commoners (Collocott 1921b:230; cf. Pulu 1981b)). In Tongan Lapita contexts fruit bats have 
been identified in the basal (Early Lapita) layers of the Fakatafenga site on Tungua in the Ha’apai 
Group (Dye 1988) and possibly at the Late Lapita site TE-Oh-4 on ’Eua. In this context it is interes­
ting to note that no fruit bats were identified in Poulsen’s material.
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Domesticated animals
An exercise in population biology
Before discussing the archaeological evidence for domesticated animals, especially pig, an exer­
cise in population biology is introduced. Since this chapter is concerned with colonisation by the 
Lapita people, it is relevant to consider the number of pigs likely to have been available during the 
first ten years of a newly founded settlement. As Tisdell (1982:24) has pointed out, under ideal con­
ditions with two litters annually, pigs can increase their population size by five times in a year. 
Wild pigs in (colder) Europe show an annual increase of 2.5. However, the mortality rate of piglets is 
commonly about twice as high (70-90%) as in semi-feral populations (ca. 50%), such as those left run­
ning in the village. American data suggest that even with a 90% mortality rate, the population grows 
annually by 33%. The sexual composition of a litter shows 60-70% females and 30-40% males. Female pig­
lets have a higher mortality, so that at maturity the sex ratio has levelled out to 1:1. The figures 
set out in table 3.29 are based on the assumption that the initial pig population brought along on the 
canoe was two mature sows and one boar (for other details of calculation see bottom caption of table 
3.29). If we assume the presence of more pigs on the first canoe to Tonga, then the build-up of popu­
lation is quicker, that is, more pigs would be available for consumption.
The results o f this exercise are interesting and quite conclusive. Whatever mortality rate is chosen, 
it is not feasible for the settler population to eat more than one pig during the first two and a half 
years. This has two implications: feasting on any scale was ruled out, as it would have endangered the 
success o f the pig-breeding programme as a whole; and the lack of pig protein and fat in the diet 
would have had to be made good from other sources.
The archaeological evidence in Tonga
Dogs: The evidence for the presence of dogs in Tonga at the time of contact is equivocal (see chapter 
5). Out o f the considerable amount of faunal remains recovered from the various midden sites investiga- 
ted29), only four bones from Poulsen’s (1987:1 246-247) excavations possibly belong to dogs.
29) Groube (1971), Poulsen (1987:1246-247), Bland & Reed (1987) and Spennemann (unpublished notes) on Tonga- 
tapu; Spennemann (1987d) on ’Eua; Dye (1988) on Ha’apai; and Kirch (1978) on Niuatoputapu,
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Table 3.29: Dem ography o f  new ly founded pig populations at half-yearly intervals.
Pig population (retained) Pigs available for consumption
Mortality Mortality
Years 30 % 50 % 70 % 30 % 50 % 70 %
Start 3 3 3 0 0 00 0.5 3 3 3 0 0 0
1.0 3 3 3 0 0 0N A 1.5 8.5 6 3.5 0 0 0
2.0 18.5 13.5 8.5 2.5 1.5 .5E N 2.5 18.5 18.5 18.5 10.5 6.5 2.5
3.0 38.5 28.5 18.5 6.5 8.5 10.5N 3.5 37.5 37.5 37.5 25.5 17.5 9.5
4.0 75 56.25 37.5 15 18.75 22.5L U 4.5 75 75 75 49 34 19
5.0 155 115 75 29 37 45I A 5.5 150 152.5 155 102 69.5 37
6.0 310 230 150 58 76 94T L 6.5 300 305 310 204 139 74
7.0 620 460 300 116 152 188T L 7.5 600 610 620 408 278 148
8.0 1240 920 600 232 304 376E Y 8.5 1200 1220 1240 816 556 296
9.0 2480 1840 1200 464 608 752R 9.5 2400 2440 2480 1632 1112 592
10.0 4960 3680 2400 928 1216 1504
T Start 3 3 3 0 0 0
0.5 3 3 3 0 0 0W 1.0 3 3 3 0 0 0
A 1.5 11 8.5 6 0 0 0
0 2.0 21 16 11 4 3 2
N 2.5 26 23.5 21 11 7.5 4
3.0 56 41 26 9 10 11
N 3.5 55 55 55 35 23 11
L 4.0 112.5 83.75 55 21.5 27.25 33
U 4.5 112.5 112.5 112.5 71.5 48.5 25.5
I 5.0 230 171.25 112.5 44 55.75 67.5
A 5.5 225 227.5 230 147 99.5 52
T 6.0 465 345 225 87 113 139
L 6.5 450 457.5 465 298 200.5 103
T 7.0 930 690 450 174 228 282
L 7.5 900 915 930 596 401 206
E 8.0 1860 1380 900 348 456 564
Y 8.5 1800 1830 1860 1192 802 412
R 9.0 3720 2760 1800 696 912 1128
9.5 3600 3660 3720 2384 1604 824
S 10.0 7440 5520 3600 1392 1824 2256
=  =  =  =  =  =  =r=s=r=s5s=rs==s= = = = = = = = = = = = = = = = =  =  =  = = = =  = = = =  =  =  =: =  =
Pigs have a 21 day oestrus, a 4 month gestation period and are sexually mature at 8 months. It is assumed that 
two mature sows and one boar formed the founding population, both sows conceived after the first possible oes­
trus, 1 or 2 litters a year were the rule, each litter contained on average 6 piglets, each sow had a life 
expectancy of 3.5 years, in the first 10 years of population build-up only males or sows over 3.5 years were 
taken for slaugther, average age o f a male for slaughter was 1 year and the boar to sow ratio was kept at 1:4.
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Table 3.30: Presence/absence matrix of domesticated and semi-domesticated animals in various
excavated Lapita sites on Tongatapu and ’Eua. (Data after Poulsen 1987 & Spennemann 1987b).
P i g
D o m e s t i c a t e d
C h i c k e n D o g
S e m i - d o m e s t i c a t e d  
H u m a n  Rat
T E - O h - 4 L a t e X _ X X X
T O - A t - 9  6 L a t e X X X X X X
T O - P e - 6 III L a t e XX X X X - X X X X X X
T O - P e - 6 II L a t e X X X X X X ? X X X X X X
T O - P e - 6 IT L a t e X X ? X X X X X X
T O - P e - 5 III M i d d l e - - - - -
T O - P e - 6 IB M i d d l e X X - X X X X X X
T O - P e - 1 II M i d d l e X X X X - X X X XX
T O - P e - 3 I - I I M i d d l e XX X - X X
T O - P e - 5 II (Early ?) - - - XX X
T O - P e - 1 I E a r l y X X X X X X ? X X X X X X
T O - P e - 5 0/1 E a r l y - X X - X X
T O - N k - 2 T o t a l  E a r l y — X X X X X X X X X
Code: X - one bone; XX - up to five bones; XXX - more than five bones.
Chicken: Chicken {Gallus gallus) has been documented widely from the Early Lapita Period onwards (Niua- 
toputapu: Nagaoka 1988; H a’apai: Dye 1988; Tongatapu: table 3.30). AtTE-Oh-4 (sample 7) a right cora­
coid of a chicken was found. In size it is smaller than the coracoids of the modem leghorn chicken 
(measurements: Spennemann 1987b: D-43 table 26). We can assume that the chicken was of bantam size.
Pigs: Pigs (Sus scrofa/Sus celebensis; cf. Groves 1981; 1983) are not frequently recorded from Tongan 
Lapita sites and the question has been much debated whether they go back to the earliest levels 
(Green 1979:37; Groube 1971; Poulsen 1967: 312- 313; 1987:1 243-246). Green believes the pig to be in 
‘reasonably secure contexts at Horizon I* at TO-Pe-1 (1979:37), belonging to Early Lapita times accor­
ding to Poulsen’s pottery seriation. Poulsen’s evidence is, however, somewhat equivocal: those speci­
mens which are ‘definitely’ pig cannot be ascribed with absolute certainty to the Early Lapita hori­
zon at the site, while those which can be so ascribed have been identified only as ‘most probably 
pig’. Nevertheless, given the lack of comparable animals, the presence of pig in the early layers at
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Figure 3.24: Nut-cracking stones in Western Polynesia. 1 Sigatokgt Dune site (V116/1), Viti Levu, Fiji; 
2 - TO-Nu-8, Mangaia mound, Tongatapu; 3 - Tavai, Futuna; 4 - Vailele, Upolu, Western Samoa.
1^2 -from Birks fk Birks 1972* fi g-!] 3 from kirch (976: fig' 4- 3  j 4- from (jreen 1969: 98b.
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Figure 3.25: Nut-cracking stones in Tonga. 1 - T0-Pe-6; 2 - T0-Nk-15; 3 - TO-At-96; 4 - T0-Tu-8.
(Photo: D.Markovich).
Figure 3.26: Nut-cracking stones. Reduction sequence caused by extensive use.
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site TO-Pe-1 seems very likely. It is interesting that neither of the earliest sites/ horizons, i.e. 
site TO-Nk-2 or horizon 0/1 of site TO-Pe-5, produced any bones definitely or even possibly pig. This 
tallies well with the expectation raised above in the section on population biology. Pig has been 
documented for the Middle Lapita Period at site TO-Pe-3 and more abundantly for the Late Lapita Period 
at site TO-Pe-6 (but see chapter 10).
Elsewhere in Tonga pig bones have been recovered from site NT-90 on Niuatoputapu (Nagaoka 1988), in 
apparently Early Lapita contexts. Pig bones have more frequently been reported for other Late Lapita 
sites, such as TE-Oh-4 on ’Eua (Spennemann 1987d) and the Late Lapita layer at the Tongoleleka site 
on Lifuka, Ha’apai (Dye 1988). The scarcity of pig bones in Early Lapita and their better representa­
tion in the later sites seems to be true throughout the Tongan archipelago. Given the overall robusti- 
city of the bones of individuals over 6 months of age, this increase is not likely to represent tapho- 
nomic bias, but a real increase in pig abundance30).
Evidence for cultivation and vegetable foods
Direct evidence
Because of rapid decomposition, direct evidence for the consumption of vegetable foods is rarely found 
in archaeological contexts in the Pacific, unless the site is waterlogged {cf. site ECA, Kirch 1988a). 
Charred remains survive, but only a limited number of plants can be charred. While root crops, which 
traditionally form the staple diet of many populations, are difficult to identify in a charred, 
fragmented state, remains of the shells of nuts, such as coconut (Cocos nucifera\ Poulsen 1987: I 
251) and candlenut {Aleurites moluccana: site TO-At-96 [cf. chapter 4; fig.4.@.]; Tavai, Futuna: Kirch 
1976), are common and recognisable.
Indirect evidence
Indirect evidence for the use of plant foods can be obtained from tools used for food processing, such 
as vegetable peelers, nut crackers and oven stones. Since ethnographic observations have regularly 
recorded the use of shells, especially of Cypraea, as vegetable peelers and scrapers, shell fragments
'It should be kept in mind, however, that the number of Late Lapita sites is also higher.30)
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resembling such tool types have frequently been recognised in archaeological contexts and been taken 
as evidence for horticultural products. However, it has been shown elsewhere (SS-II) that such Cypraea 
scrapers and peelers may be natural artefacts, while oven-stones are not food-specific items. In this 
context nut crackers form important evidence. Nut-cracking stones are fist-sized stones of roundish or 
oval to almost quadrangular shape, with two flattish surfaces and a shallow depression in centre of 
each of the surfaces. The use of these stones as nut crackers has been documented by ethnographic 
observations (summarised in Spennemann 1985a) and they have been found in various Lapita contexts in 
Western Polynesia (figure 3.18) and beyond. In Tonga, the earliest have been recovered from horizon I 
of site TO-Pe-1 on Tongatapu (Poulsen 1987: I 208; II 203 Plate 77.8; interpreted as ‘bowling 
stones’), dating to the Early Lapita period. Given the use wear on several of these stones (figure 
3.19 & 3.20), the nuts cracked with them must have been very hard, and possibly pointed. It is 
surmised that various nuts were utilised, possibly including Canarium. The utilisation of nuts has 
been shown by the chemical analysis of organic residues on Fijian Lapita sherds.31^
Circumstantial evidence
Evidence for gardening and forest clearance during the Early and Middle Lapita Periods is only circum­
stantial. Poulsen (1987: I 33-34) encountered a ‘brown clay layer’ between his horizons I and II at 
site TO-Pe-5. This site is situated on the slope down to a former shoreline in the southeastern part 
o f the Pea sector of Fanga ’Uta lagoon. Although Poulsen was not be definite on the point, it seems 
quite possible from his description that the layer represents alluvial material from upslope, indica­
ting gardening or clearance. Depending on the method employed for the relative dating of the pottery 
of horizons I and II, they either belong the Early and Middle Lapita Periods respectively (cf table 
3.12, 3.13) or both to Early Lapita.
31) An analysis of organic residues adhering to two potsherds and of a further ten sherds without visible 
residue from the Early Lapita site at Natunuku, Fiji, has shown various fatty acids to be present (Hill et al. 
1985). From this the authors tentatively conclude that the the original pots were not used to cook meat. The 
fatty acids detected derive from palm oil and coconut oil, as well as oils from plants belonging to the families 
Myristicacae (nutmegs) and Lauraceae, possibly a species of Cinnamomum (cinnamon, camphor), which were 
commonly used in Western Polynesia to scent coconut oils (Kraemer 1902/3: II 375; Parham 1972:83-84; Thaman 
1976: 388). In one residue and the associated potsherd, however, traces of palmitoleic acid were found, said to 
be indicative of the cooking of fish. So far, no chemical analyses of Lapita pottery in Tonga have been 
undertaken.
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Figure 327: Cooking in pots with a round bottom. Without adding more fuel, the heat can be regulated 
by the way the pot is positioned on the three stones supporting it. Left: The pot is set at a very 
oblique angle and a large part of the surface is exposed to the fire. As a result the food cooks more 
quickly and at a higher temperature. Right: The pot is set vertically and the surface of the pot 
exposed to the fire is small. The food cooks more slowly at less heat.
Cooking methods
Nothing needs to be said about the method of cooking in pots (fig. 3.27), except for the fact that the 
so-called pot stands or pot rests described for Fiji and Tonga (Birks & Birks 1968b; Birks 1973; Poul- 
sen 1987: I 134; II 112-114) may have to be reinterpreted as stoves used on canoes in the light of the 
Fijian evidence presented by Clunie (1984a). The principle of the earth oven (Tongan: ' umu) has been 
repeatedly described in the anthropological literature (c/. Leach 1982), so that it need not be repea­
ted here. A note on the stone types used, however, seems appropriate. In theory almost all stones can 
be used as 'umu stones. However, stones have different heat-retention and different heat-resistance 
properties: some do not retain the heat as long as others, while some crack earlier than others. As 
has been shown in an experimental study of some New Zealand oven stones, basalt has very good heat- 
retention capabilities. In addition, it does not shatter as easily as the other stones tested (Gillies 
1979:38-39). As regards Tonga, informants frequently said that they preferred basalt to any other sto­
ne. The most easily accessible and thus most commonly used, but least suited type of stone is coral
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limestone, since it breaks up easily and lasts on average only 3-5 firings32). An investigation of 
oven-pit size, amount of oven stones and number of people fed did not show any correlation which could 
be used to predict population sizes from archaeological data (c/. chapter 8 and SS-XVI).
Archaeological evidence
Earth ovens can easily be distinguished from other pits by the amount of ash and burnt fragments of 
stone, which commonly form a very compacted layer at the bottom. Poulsen (1987:147) observed that on 
his sites the oven stones were predominantly of local coral limestone.
Food storage
The most common form of food storage is storage by fermentation. Although mainly applied to breadfruit 
(Pollock 1984), in Tonga called maor ma Tonga, fermentation of plantains and bananas was also prac­
tised (Cook 1784:398; Kraemer 1902:156; Parkinson 1984; 1986; Parkinson & Malolo nd.). According to 
informants (Parkinson & Malolo nd.: 8), the size of the storage pit (lua ma) depended on the amount of 
food to be stored. Pits of up to 5 m in diameter and 1.5 m in depth are known33l  A pit, commonly mea­
suring about 1.5 m in diameter and about 1.5 m in depth, was excavated into the tephra-derived clayish 
soils; pits in sandy soils have not been reported. The walls of the pit were compacted by beating and 
then thickly lined with fresh and untom banana leaves. The pit was filled with scraped breadfruit or 
peeled bananas or plantains to a level of about 0.2 m below ground surface and well covered with bana­
na leaves. To give the cover some strength, a layer of sticks was placed on top, further banana leaves
This is due to the fact that limestone disintegrates completely between 550 and 800°C (Tite 1972:324). A 
single firing in the New Zealand experimental ovens, which reached a temperature of over 800°C (Gillies 1979), 
would be sufficient to break up limestone oven stones completely. However, crude measurements made at an 
earth oven in normal use on Tongatapu (Spennemann & Colley 1986) showed that the firing of a small family-sized 
'umu (for three adults, three juveniles and three infants) reached a temperature of just above 550 to 600°C. 
Most of the ’umu stones presently used on Tongatapu are of coral limestone, since stones of suitable size are 
easy to geL The stones are picked up when a road is covered with a new layer of coral rabble and stockpiled in 
a comer of the garden. Those families who can afford it or who have relatives living there tend to obtain 
stones from Niuafo’ou or Ha’apai (Havea 1987a).
33) In the ethnographic present in Samoa pits measuring 1.5 to 1.8 m in diameter and about 1.8 to 2.4 m deep 
were dug for the fermentation of breadfruit and bananas (Kraemer 1902:156). As in Tonga, the pits were lined with 
banana leaves.
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Table 3.31: Number and density of pits, hearths and ovens associated with Lapita middens on Tongatapu 
(data from Poulsen 1987).
E x a c a v a ^ e d  
area (in )
Pits
n n/xri
Hearths, 
n n/rn n
O v ens
n / m
T O - P e - 6 III Late 69.0 2 0.03
T O - P e - 6 II Late 69.0 1 (2]i 0.02(0.03) - — 2 0.03
T O - P e - 6 T o tal Late 69.0 1? 0.02 1 0.02 9 0.13
T O - P e - 5 III M i d d l e 13.0 2 0.15
T O - P e - 1 II M i d d l e 67.5 4 0.06 — — — —
T O - P e - 3 I-II M i d d l e 29.2 — — — — 1 0.03
T O - P e - 5 II (Early ?) 13.0 9 0.69 1 0.08 2 0.15
T O - P e - 1 I E a r l y 67.5 8 0.12 4 0.06 2 0.03
T O - P e - 5 0/1 E a r l y 13.0 1 0.08 — — 2 0.15
T O - N k - 2 T o tal E a r l y 15.0 — — — — — ----
Note that some or all pits tabulated as belonging to TO-Pe-5 phase II may belong to phase HI.
added and the whole weighed down with stones. The fermented food might be kept in store in the pit, 
completely removed or used as needed and replaced with fresh material to be fermented. Parkinson & 
Malolo (nd.), quoting a story told by F.Helu, mention that an old ma Tonga pit was accidentally en­
countered in the 1950s on Mango Island in the Ha’apai Group. It ‘contained food of a black tar-like 
consistency. This was cooked and found to be still edible, though ‘hot’ in flavour’ (ibid.). Based on 
villagers’ accounts, the pit was estimated to be about 100 years old. Rogers (1976:336-337) mentions 
some deep pits on Niuatoputapu, which ‘have been used within living memory for fennenting breadfruit, 
plantain, bananas and cassava’, but does not provide a description of their morphology.
Archaeological evidence
There are two problems with the archaeological evidence of the numerous pits reported by Poulsen from 
his excavations of Lapita sites on Tongatapu; chronological - do they belong to the Lapita levels; and 
functional - were they used for fermentation? Unequivocal archaeological evidence for food fermenta­
tion is hard to come by. Poulsen was able to identify two types of pits in his excavations: large, 
shallow pits with a rectangular outline, and deep pits with a flattish base and a roundish outline,
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sometimes with steep sides. While several, if not most of the pits encountered in the Tongan Lapita 
middens belong to the post-Lapita occupation or utilisation of the sites (for a more detailed discus­
sion of the post-Lapita pits see chapter 8), some pits doubtlessly belong to the Lapita levels. Poul- 
sen (1987: I 18-19) argues for a number of Early Lapita Period pits in horizon I at his site TO-Pe-1. 
These pits were wide, shallow and rounded in plan. These pits differ from the later pits, ascribed by 
him to Middle Lapita and post-Lapita, which were usually narrower and deeper, straight-sided and flat- 
bottomed. Poulsen (1987: I 29; 35-36; 43-44) also documents pits in his other midden sites, save for 
the earliest, TO-Nk-2. This may well indicate an increase in pit-digging and thus food storage, over 
time. Given the limited sample size, however, not too much emphasis should be placed on this 
observation.
It could be argued that pits, and certainly the characteristic straight-sided, deep, flat-bottomed 
ones, were not a feature of the earliest of the Lapita horizons (c f table 3.31), but the number of 
sites is too few, and the size of the excavations too small in the light of expectable intra-site 
variation {cf. Poulsen’s evidence in this respect for TO-Pe-1 [1987:1 19; 46]), to support the case.
Poulsen (1987: I 251) argues from ethnographic evidence that at least some of his pits were used for 
food fermentation. The question is how this can be proved. A pit used for fermentation which was to­
tally cleared of the fermented food would leave no evidence of its use, but one whose contents were
forgotten or abandoned might well do so. Kirch makes a claim to identify a Lapita ma Tonga pit on
by the dimensions of the p'it, its morphology srvpl the absence off ire. ,3$ well as bLj
Niuatoputapu/ the evidence of a cowrie vegetable peeler in its fill (NT-93, Kirch 1978: 11 [scraper,
[p it p ro file  fig '-15]
10 fig.7m]; id. 1984:58/). The re are two questions to be asked in this connection. One is as to 
whether the cowrie artefact is in primary association with the use, rather than the infilling of the 
pit. The other relates to the fact that the artefact itself may not be such, but a product of non- 
human action (cf. SS-II). In light of the lack of any conclusive evidence for other usage of pits, it 
is possible, even probable, that excavated examples were in fact fermentation pits. But probability is 
still a far cry from proof.34) The issue of fermentation pits will be again taken up in chapter 7.
34}---- - --------
Given the problem of identifying ma Tonga pits beyond reasonable doubt, it is worth noting that the Tongan 
word for fermented breadfruit paste {ma) can be reconstructed for PPN as *maa, *mara and *masi, with the mea­
nings of ‘fermented’ and ‘fermented food’ (Pawley & Green 1973:11; Kirch 1984a:58).
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Plate 6 To.l: trench III, looking W at burial AK in pit AF
Figure 3.28: Site TO-Pe-1, Burial AK (after Poulsen 1987).
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Figure 3.29: Site TO-Pe-1, Burial AK (after Poulsen 1987). 
Top: plan. Bottom: shell adze found at right elbow.
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BURIAL CUSTOMS
The available information on Lapita burial customs in Tonga and beyond is scarce. On Tonga a single 
burial attributed by Poulsen to Lapita times is known. It was encountered at site TO-Pe-1, feature AK 
in pit AF, which is allocated to horizon II, the Middle Lapita Period (Poulsen 1987:119; 21-22). The 
body was placed directly on top of a layer of red-bumt soil, indicating to me that a cleaned or 
scooped-out earth oven had been re-used as a burial pit.35) None of the bones was burned. The body was 
buried in a flexed position, head to the west36\  resting on the back, with the legs very tightly 
flexed to the left (figures 3.28 & 3.29). The knees were located almost underneath the chin, sugges­
ting that the body may have been bound before burial (Spennemann 1985c). The burial pit was filled 
with ordinary shell-midden material, rather than with clean white coral sand, as is customary in later 
and present times (see chapter 7). A shell adze blade (figure 3.29) was found at the right elbow, 
apparently used as a grave gift. Although the orientation of the adze, assuming that it was hafted, 
is not in any alignment with the body, the well-preserved condition of the blade makes it unlikely 
that it was considered refuse and accidentally ended up in the the pit. At some later point in time 
the pit was re- opened and some bones removed37).
351 It could also indicate intentional burning of the pit bottom prior to burial {cf. Meehan 1982 for 
intentional burning of midden for clearance/cleaning). In the light of a similar burial to be discussed below 
{cf chapter 8), however, this seems unlikely.
' The head is missing on the photographs (figure 3.29) as it was accidentally hit by a small testpit excavated 
by Poulsen prior to starting the main excavations at site TO-Pe-1.
37) A detailed analysis of the skeletal remains (Spennemann 1985c; Spennemann 1987k) showed that parts of two or 
three individuals were present in the fill of the burial pit, but more importantly, that the femur and most of 
the tibia of the right leg of the buried individual were lacking at the time of excavation. It is unclear at 
what point in time the burial pit was opened and the bones of the right leg were removed. Since it happened 
after the decomposition of the individual, we can anticipate a time lag of at least five years. The question 
remains as to why the leg bones were removed. Two possible explanations can be offered, involving either 
accidental removal when a later pit was dug into the existing grave pit or intentional removal. There was no 
sign of a pit cutting into pit AF in the area of the right leg, indicating that the pit excavating the bones 
must have been dug within the boundaries of the grave. A case for accidental excavation of the leg is 
supported by the nature of the breakages on the parts of the right tibia which remain and on the pelvis {cf. 
Spennemann 1987k:280). A case for intentional removal is not as remote as might appear. Bone suitable for the 
manufacture of implements was in short supply. Available animals, save for humans and whales, have bones 
which are either too short or too thin to be suitable for the manufacture of needles, chisels and the like. 
Human bones have been frequently utilised in Tonga and Fiji for the manufacture of bone needles {cf. Spennemann 
1986e; Kaeppler 1978: 233) and fruit-paring knives (Spennemann 19871). Tattooing chisels made of human bone 
were found in an Early Lapita context of the site to which the burial belongs (Poulsen 1987:1 207; II plate 68,14-16).
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Human bones are commonly encountered in Tongan midden deposits {cf. Poulsen 1987: 248-251; II 80, 
table 111), although the reason for this remains unsolved. Given the heavy disturbance of middens 
encountered by Poulsen (1987) and Groube (1971), it may well be that many of the human remains stem 
from disturbed burials, similar to that discussed above. It is also conceivable that human bones can 
become burnt in the process, thus mimicking ‘cannibalism’. As has been discussed elsewhere (Spennemann 
1987e; 1987f), the recognition of butchery marks on bones, which could serve as more positive evidence 
for anthropophagy, is complicated if bamboo knives were employed.38^
EXTERN AL CONTACTS AND EXCHANGE
External contacts and exchange can be documented when there are items which consist of materials which 
can be identified and sourced to specific areas of origin. Here we can distinguish between intra-Ton- 
gan contacts, i.e. between the various islands of the archipelago, and extra-Tongan contacts, which 
involve long-distance exchange with Fiji, Samoa or beyond. Given that most of the Tongan islands were 
settled by the Middle Lapita Period39), it is assumed that goods were exchanged rather than procured 
directly from the source. Procurement, however, can be anticipated in the case of Tafahi obsidian 
found on Niuatoputapu, 7km distant
Intra-Tongan exchange
Volcanic sands
Given the geological character of the large islands, which consist of coral limestone, the volcanic 
sands used as one o f the temper materials for pottery had to be imported from placer sand deposits on 
the volcanic islands. Key (1967; 1987), Dickinson (1966, 1973) and Dye (1988) have investigated the
38} Following Cram, Poulsen (1987:1 250-251) argues that the uneven representation of the human bones encoun­
tered in his excavations would not represent disturbed burials and that an interpretation favouring anthropo­
phagy seems more likely. Poulsen emphasises the lack of teeth, metacarpals, metatarsals, vertebrae, pelves and 
scapulae, but these are all bones which are likely to be underrepresented in his middens due to post-depositio- 
nal changes (vertebrae, scapulae and pelves consist largely of spongiotic bone and/or are very fragile), reco­
very bias (many teeth and smaller metacarpals, metatarsals and their fragments will have been lost due to 6.25 
mm mesh size) and identification bias (small fragments of metacarpals and metatarsals are likely to be over­
looked).
39) Based on the results of work conducted by Poulsen (1987), Kirch (1978), Dye (1988), Davidson (1971) and the 
author.
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composition of mineral tempers in sherds from various archaeological sites in T onga. They thin-sectioned and 
analysed a series of four, 64 and 191 sherds respectively, but were unable to localise the sources 
within the Tongan archipelago (but see below).
Volcanic stones fo r  adzes and earth ovens
The same applies to the raw materials for stone adzes or earth-oven stones (makahunu), which are abun­
dant on Tongatapu. A petrographic analysis of six stone adze blades, out of a total of 38 excavated by 
Poulsen on Tongatapu, showed that four were made of Tongan stone, while two were made from foreign 
material (White 1987).
Obsidian
While the obsidian exchange network plays an important role in parts of the Western Lapita province, 
it is of secondary importance in Western Polynesia. A source for obsidian exists on Tafahi, a volcanic 
island off Niuatoputapu. Obsidian has been found in considerable numbers in archaeological deposits of 
the Lapita culture on Niuatoputapu (Ward 1973; 1974b; Kirch 1978; Allen & Bell 1988), as well as in 
pottery-bearing deposits on Upolu, Samoa (Green 1974c; Terrell 1974). While the Niuatoputapu specimens 
have been sourced to Tafahi (Ward 1974a), the analysis of the Samoan obsidian has shown that another 
source has been utilised. Two obsidian flakes have been found on Tongatapu, one in an Early Lapita 
context at site TO-Pe-1 (To. 1/3551; Poulsen 1987:214), the other in a disturbed context at the Middle 
Lapita site TO-Pe-3 (Jo.3/26\\ibid.). These items have not been sourced, but may well come from Tafahi.
Extra-Tongan exchange
Volcanic sands
Petrographic analysis of volcanic temper sands conducted by Dye (1988:231) produced evidence for 
extra-Tongan import. Three sherds from the Tongoleleka site on Lifuka and two from the Fakatafenga 
site on Tungua, both islands of the Ha’apai Group, contained hornblende crystals which are foreign to 
the Tongan geological environment, as well as other minerals. A further eight sherds from Tongoleleka 
may also belong to the group as they exhibit a similar composition in the other minerals. Dye suggests 
that the pots to which the sherds belonged derived from the Lau islands of Fiji.
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Adzes o f a green tuffaceous meta-sediment
Green-coloured adzes of piano-lateral cross-section (‘Vierkantbeil’, Hinderling 1949), manufactured of 
a tuffaceous meta-sediment, have been found in Lapita contexts across Western Polynesia and Melanesia. 
In Western Polynesia, such adzes are known from Luatuanu’u, Upolu, Western Samoa (Green pers. comm); 
Naigani, Fiji (Best 1981; Kay 1984); Lakeba, Lau Islands, Fiji (Best 1984; 406); Natunuku, Fiji (Best 
1981) and Yanuca, Fiji (Best 1981). In wider context they have been found on the Reef/Santa Cruz sites 
(Green 1979;38 fig. 2.4), while adzes made of similar material are known from surface collections at 
site DES on Nissan, where they are also associated with Lapita pottery (Spriggs, pers. comm.). These 
adzes have been petrographically analysed and a possible source for the raw material has been provi­
sionally identified for the Western Polynesian representatives in Fijian Islands (Green et al. 1988; 
Best & Green pers. comm.) and for the Melanesian ones in the Solomon Islands (Green 1976a:259-260).
Figure 3.30: Plano-convex adze of tuffaceous meta-sediment from Ma’ofanga, Tongatapu. (Drawing
courtesy R.C. Green).
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A specimen of such and adze is also known from Tonga (figure 3.30). It adze is made of a banded, greenish 
coloured, meta-sedimentary rock. Although the adze was discovered by me in on display in a handicraft 
shop in Nuku’alofa, its provenance could be traced. It is a surface fmd from Ma’ofanga, Tongatapu. 
Its overall very well-ground surface finish distinguishes it from the common Tongan adze of black 
basalt and groups it with the well-ground adzes found in Lapita contexts. In form it closely resembles 
adzes excavated from the Lapita middens TO-Pe-5 (adze 38; Poulsen 1987; II figure 71 E2) and TO-Pe-6 
(adze 29; ibid, figure 71. E4; Plate 63.4), which are made of local basaltic stone. A similarly shaped 
adze with a more rectangular cross-section, also made of local stone, has been reported as a surface 
find from ’Eua Island (Auckland Institute & Museum 27502.1; Spennemann 1987b: B26).
SOCIAL ORGANISATION OF THE EARLY AND MIDDLE LAPITA POPULATIONS 
Social organisation of the Lapita people in Tonga
The limitations of archaeological data for the reconstruction of the social organisation of the Lapita 
culture as a whole, described towards the beginning of this chapter, affect any assessment of this 
important aspect of early Tongan prehistory. The situation in Tonga is exacerbated by the fact that 
only a single burial is available for analysis and that only one house site has been found but this 
has not been published (TO-Pe-27). However even ‘dry’ midden data can be squeezed to provide some in­
formation, though the results are meagre.
Midden types
Earlier it was concluded that the extensive Lapita middens encountered on Tongatapu do not repre­
sent discrete household middens but communal rubbish dumps. This not only suggests that a number of 
households contributed to the dumping, but also that these households were in close spatial relation­
ship to the dump. In short, we may infer a clustered housing pattern of village-like character. Given 
the oblong to roundish shape of most of the middens encountered (Poulsen 1987; Spennemann, unpublished 
notes), it seems as though the houses were located at one or more places around the dump, as deduced 
from the pattern at present-day nucleated villages in the Lau Islands, where dumping takes place 
behind the settlement on all sides (c/. Best 1984:579) and from that where a long line of houses is
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built along the shore, leading to a long, narrow dump (cf. Lilley 1986:132). It should be noted, how­
ever, that the number of house-holds contributing to the middens and thus the size of the ‘village’ 
are unknown.
Midden location
The distribution of the midden deposits indicates a certain relationship between the settlements and 
the shore o f the lagoon. This may well have involved a specific distance perceived to be advantageous, 
if the argument from the spatial differentiation of shell size of Gafrarium and Anadara at site TO-Pe- 
1 has any validity. The location of sites near canoe passages and at sandy beaches testifies to the 
importance o f sea travel. Some of this may have been long-distance, given the evidence for the import 
of exotic material.
Intra-site variation
Early in this chapter the existence of intra-site variation on Lapita sites on Eloaua in the Bismarck 
Archipelago (Kirch 1988) and the Reef Islands of the southeastern Solomons (Green 1982) was mentioned, 
consisting o f spatial differentiation between plain and decorated pottery. None of the Tongan Lapita 
sites analysed and published so far shows any comparable spatial differentiation, possibly because 
site excavations have not been extensive enough. Some functional differentiation is argued by Pouisen 
(1987:1 19; 46) for site TO-Pe-1, where he suggests a separation of storage areas, as indicated by 
pits, and dumping areas. The newly excavated or extensively sampled Lapita sites TO-At-96 and TO-Pe-65 
do not show any differentiation which can be interpreted as a reflection of social or ritual separation.
Personal ornaments
The Lapita middens have produced a number of items interpreted as personal ornaments, which might be 
indicators o f rank. No analysis of spatial distribution in the middens has been undertaken and the 
data presentation by Pouisen (1987: I 191 ff; II 68 table 86; II 69 table 96) does not facilitate such 
an investigation. Table 3.32 sets out classes of personal ornaments (after Pouisen 1987: II 68-71), 
which I believe to be prestige, and to which I attribute some association with higher rank: armrings 
(Poulsen’s class 5A), bracelets (5B, 5E, 5F), so-called long units (5D) and pearl-shell pendants (51),
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Table 3.32: Number and density of personal ornaments recovered from Lapita middens on Tongatapu (Data 
from Poulsen 1987; only securely dated items listed). Armrings: Poulsen’s class 5A; bracelets: classes 
5B, 5E, 5F; long units: class 5D; breastplates: class 51.
Excavated, 
midden (m )
Armrings^ 
n n/m
Bracelets 
n n/m"
Long
n
units
n/irf5
Breastplates 
n n/m"
TO-At-96 Late 1.3 _ ____ __ ____ _ ____ _________________
TO-Pe-6 III Late 41.4 1 0.024 — — 1 0.024 —
TO-Pe-6 II Late 6.9 1 0.145 3 0.435 1 0.145 —
TO-Pe-6 IT Late 13.8 1 0.073 — — 3 0.217 —
TO-Pe-5
TO-Pe-6
TO-Pe-1
TO-Pe-3
III
IB
II
I-II
Middle
Middle
Middle
Middle
5.2
6.9
40.5
20.4 2 0.098
—
—
2
2
0.230
0.049
—  ---------------
TO-Pe-5 II (Early ?) 2.6 2 0.769 _ ____ _ ____ ________
TO-Pe-1 I Early 40.5 3 0.074 4 0.099 8 0.198 3 0.074
TO-Pe-5 0/1 Early 5.2 2 0.345 — — 1 0.018 —
TO-Nk-2 Total Early 22.5 32 1.422 2 0.009
interpreted by me as remains of breastplates (see chapter 8 for discussion), although some of 
Poulsen’s artefact identifications can be considered doubtful (eg. Poulsen 1987: II Plate 71.7). The 
pendant made of a trumpet shell (Charonia tritortis, ibid. Plate 71.11) has also been included. As can 
be seen from the table, only the earliest site, TO-Nk-2, has a high concentration of such items per m3 
of excavated ground (~1.5 artefacts/m3). The density at the other Early Lapita levels at TO-Pe-5 and 
TO-Pe-1 is well below 1 artefact/m3. Density decreases during the Middle Lapita Period and picks up 
again during Late Lapita, although it never reaches the earlier level. If we sum up all items 
classified as ‘personal ornaments’ by Poulsen (class 5 items) and group them into the three broad 
chronological phases, we arrive at the following figures: Early Lapita: 103; Middle Lapita: 8; Late 
Lapita: 51. This basically repeats the previous observation.
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Scale 1:1
Figure 3.31: Tongatapu, Kingdom of Tonga. Personal ornament found during the 1987 fieldseason.
The colonisation of Tongatapu - an overview
As we have seen, the Lapita people settling Tongatapu came from the west, most probably from an island in 
the Lau Group of Fiji. They settled at the shore of Fanga ’Uta lagoon, then an open bay with an en­
trance protected by small islands. The habitation sites, recognisable by their extensive communal rub­
bish dumps, appear to have been villages located on sandy ridges and sand spits in front of the main 
island. The composition of the middens shows the exploitation of a pristine environment and the gra­
dual standardisation of the initial exploitation patterns, with a heavy reliance on shellfishing. The 
colonists brought along chicken, pig (probably from Early Lapita, but certainly from Middle Lapita 
onwards) and rat. No evidence exists for the presence of dogs during this period. Indirect and circum­
stantial evidence for horticulture exists from the Early Lapita levels onwards. While settlement 
during the Early Period is confined to the lagoon, the settlement area expanded during the Middle 
Lapita Period, reaching out towards the northwestern shore. Figure 3.32 shows the minimum land area 
settled and cleared at the end of the Middle Lapita Period.
The chronology of Tongan pottery established by Poulsen shows a gradual development of pottery featu­
res without any visible breaks. The classification of sites into Early, Middle and Late is quite arbi­
trary. On the basis of the available 14C dates (table 3.18), however, two clusters of dates become 
evident, the younger of which concentrates between 2350 BP* and 2270BP* (400-320 BC). All sites of 
this cluster belong, in terms of the pottery chronology, to the Late Lapita Period, to be dealt with
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in the following chapter. The gradual change in pottery clearly speaks against successive large-scale 
‘waves’ of colonisers and indicates the gradual adaptation and growth of a founder population. The 
decrease in ornamentation of the pottery can be seen as the manifestation of a separate Tongan iden­
tity within the Lapita family, in short, Tonga’s ‘coming of age’.
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CHAPTER 4
THE BIG TRANSFORMATION
THE CHANGING ENVIRONMENT AND ITS CONSEQUENCES 
As discussed in chapter 2, relative sea-level fell gradually over time, causing the former lagoonai 
entrance at Nuku’alofa to become more and more impassable for canoes and finally to disappear. The 
analysis of both the proportional representation of Anadara and Gafrarium and the development of 
shell size of Gafrarium has shown that by about AD 200 at latest the lagoonai entrance had been com­
pletely sealed off at low tide. This closure had a number of effects. It caused the immediate dis- 
apperance of Anadara, an important food resource, from the Pea sector of Fanga ’Uta lagoon with 
restricted water exchange and increased siltation around Mata’aho island. These shells eventually died 
out also in Fanga Kakau lagoon (Folaha sector) and the Mu’a and Longoteme sectors of the eastern 
branch of Fanga ’Uta lagoon. In addition, there were now inconveniences in navigation, since canoes 
from the Pea area had to take a long detour to reach the open sea.
THE SETTLEMENT PATTERN 
The overall distribution of Late Lapita sites
Figure 4.1 shows the distribution of securely dated Late Lapita sites, i.e. sites which have been 
dated by the means of 14C or by relative sequencing (tables 3.12-3.14). The distribution basically 
repeats the pattern observed for the Middle Lapita Period, although one site has been recorded in the 
hinterland, about 2 km from the lagoon (TO-At-96). There are many other sites with pottery on Tonga- 
tapu, however, which must be considered in this connection. The total lack of decoration makes them 
prime candidates for being considered Late Lapita, though in absence of 14C dates, the small number of 
rim sherds for purposes of seriation makes it possible that some are Middle Lapita. Figure 4.2 plots 
all sites with pottery on Tongatapu, excluding definite Early and Middle Lapita sites (figures 3.8- 
3.9) and those with Fijian pottery (figure 9.27).
As can be seen, pottery-bearing sites are found everywhere, except in the south-southwest of the 
island, around Houma and Matahau, and in the north-northeast, south of Kolonga, areas which have not
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been surveyed in d e ta il .F ie ld  experience has shown, indeed, that pottery sites can be found 
almost anywhere on Tongatapu, save for the immediate vicinity of the liku coast. Even this statement 
needs to be qualified in the light of sites TO-Fu-98, TO-Fu-100 and TO-Fu-101 located at the 
southeastern liku shore, near paths leading down to beaches.
Expansion of Late Lapita settlement on Tongatapu 
If the number of plain-ware sites all over Tongatapu is any guide, then we can assume a substantial 
increase in population compared to the Middle Lapita Period, the rate of which is as yet unknown. The 
assumption of a population increase is also confirmed by a steady decrease in Gafrarium shell size, 
which indicates steadily increasing predation pressure on the shellfish resources, preventing the mol­
luscs from reaching full size {cf SS-VII). As population increased, the areas of settlement needed to 
expand. While the initial expansion may well have been along the shores of the lagoon, further expan­
sion had to go beyond. Five possible routes of expansion can be anticipated, which offer various 
advantages and disadvantages (fig. 4.3):
Route 1 - westward expansion along the coast;
Route 2 - eastward expansion along the coast;
Route 3 - expansion into the inland areas;
Route 4 - expansion to the islands offshore;
Route 5 - expansion to islands beyond Tongatapu and beyond Tonga.
Intensification of settlement along the shores of Fanga ’Uta lagoon
Intensification of settlement along the lagoon becomes obvious if one compares the site density of the 
Late pottery sites (fig. 4.2) with that of the Early (figure 3.15) and Middle (figure 3.16) Lapita 
Periods. Such intensification permits a population to stay within the same environmental framework. 
While in these circumstances predation pressure on resources is likely to increase, there is always 
the possibility that new resource areas will be found and exploited. There is some hint of this in the 
shell-size analysis. A surface shell sample from site TO-Pe-65, located at the western shore of the 
lagoon, has been dated to 390BC(ANU-6434; see table4.1),indicatingthat the bulkof the shell midden below is 
likely to be older. Site TO-Pe-6, on the lagoonal shore some 1100 m further south, has provided a date
^ For the extent of the surveyed areas see the introductory section to volume II (Excavation reports).
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of 393 BC forhorizon IT (pooled dates ANU-24, ANU-873 & NZ-636). Thus the two sites were contemporary 
for some time, with TO-Pe-6 continuing later. The considerable size difference between Gafrarium 
shells at the two contemporary sites suggests that different shell beds were being exploited (see below).
Route 1: The westward movement of sites
Route 1 permits the exploitation of marine resources in a shallow-water environment similar to that 
of the lagoon; furthermore, the variety of shellfish species is similar. Given the distribution of the 
Middle Lapita sites on Tongatapu (figure 3.16), with site TO-Ma-4 halfway towards the Kanokupolu 
peninsula, it seems that option 1 was adopted early on. This was the solution which made the most 
sense from the settlers’ point of view. It permitted the continued exploitation of coastal resources 
and the utilisation of favoured settlement locations with vegetation which could be cleared easily, 
especially as there was newly exposed land here as a result of the gradual fall in relative sea-level. 
In addition, the shore is flat and at high tide permits unrestricted access by small canoes. A large 
number of Late Lapita sites is known on the eastern shore of the narrow Kolovai-Kanokupolu peninsula 
adjacent to the shell beds of the Kolovai-Fatai sand- and mudflats. On the other hand, the western 
shore of this peninsula is exposed to wind and wave action and over long stretches is dominated by a 2 
to 3m-high cliff, making navigation of canoes extremely difficult.
None of the sites in this area has been excavated, and midden samples were taken from only one, TO-Ko- 
44, which was exposed by mechanised gardening activities. The midden analysis shows the exploitation 
of local mollusc resources on the inter-tidal flats, as well as fishing near the reef. A sample of 
Gafrarium shells submitted for dating returned an age of 2230 + 80 BP* (ANU-6432), which calibrates to 
the middle of the 4th century BC.
Route 2: The eastward movement of sites
Route 2 permits the exploitation of marine resources in an environment somewhat similar to that of the 
lagoon. The shellfish available include more rocky-bottom and sandy-bottom species living in an 
active reef environment. Unlike the western area (route 1), the configuration of the northeastern shore
4+
5
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shows a narrow fringing reef, which becomes wider towards Niutao point. Although access by canoe is 
not altogether impossible, navigation is hampered by frequent strong winds and heavy seas, especially 
when the southeasterly tradewinds shift towards true east. The reef flat is marginally exposed at low 
tide and only a few sheltered pocket beaches exist. It is very unlikely to be a coincidence that pot­
tery has been found at all these (sites TO-Nt-44; TO-Nt-54). However, pottery was also seen at coastal 
locations which are inaccessible by any form of water transport, such as sites TO-Nt-15 and TO-Nt-50. 
The latter indicates that by this time extensive areas of northeastern Tongatapu must have been trans­
formed into gardening land or tracks established for communication, as movement along the shore is 
highly impractical, given the ruggedness of the weathered coral-limestone outcrops which dominate 
large parts of the shoreline. None of these coastal sites has been excavated or systematically 
sampled. As is predictable in such an enviroment, shells lying on the surface include a high 
percentage of rocky-shore species. One site situated at the lagoonal entrance (TO-Nk-15) has been 
test-excavated. The basal date for this site (ANU-6431) indicates that it was in use during the 4th 
century AD and may have continued some time after (see below).
Route 3: The inland movement of sites
Route 3 allows for the location of settlements near to or at the site of gardening. This option indi­
cates that the importance of gardening is perceived to be greater than that of marine resources, or 
the population has grown beyond the limits where the option applies.
A single site, TO-At-96, has been excavated and has provided a 14C date (ANU-5723) of the fourth cen­
tury BC (c/. table 3.12). The site is chronologically very similar (overlapping at 1 G) to site TO-Pe- 
6 at the lagoonal shore of the Pea sector. The presence of shellfish (54% Gafrarium, 35% Anadara; 
table 3.22) and and fishbone (see below) some 2 km inland indicate that the site was in a close con­
tact with people living at the lagoonal shore. Given the scarcity of shellfish at the other inland 
sites (see further below), it is very likely that site TO-At-96 represents a very early stage of the 
inland push. No other pottery-bearing site with shells was found in the entire Ha’ateiho transect (nor 
in any other surveyed area for that matter). It seems, then, that the density of inland settlement at 
the beginning of the inland push must have been very thin and that, likewise, the consumption of
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Table 4.1: 14C dates o f  pottery-bearing sites from Tongatapu younger than 2400 BP* (for other dates 
see table 3.17; see text for d iscussion  o f  archaeological contexts).
Site Layer Mat. LabNo. Date BP* Calibrated BP Calibrated BC/AD
Pottery probably in secondary association
TO-Pe-5 Oven D Ch ANU-23/1 340 + 100 510 (350) 300 + 1440 (1600) + 1650
TO-Pe-5 Oven D Ch ANU-23/2 330 + 65 486 (363) 304 + 1464 (1587) + 1646
TO-Pe-1 Pit A Ch K-961 420 + 100 540 (502) 320 + 1410 (1448) + 1630
TO-Pe-1 Pit A Ch NZ-597 464 + 82 545 (514) 477 + 1405 (1436) + 1473
TO-Nu-8 Layer 2b Ch ANU-315 485 + 60 545 (521) 503 + 1405 (1429) + 1447
TO-Pe-71 Pit S2 ANU-6603 1030 + 70 990 (943) 919 + 960 (1007) + 1031
TO-Pe-27 Layer lb Ch ANU-442 1150 + 90 1174 (1061) 964 + 776 (889) + 986
TO-Nu-47 Sample 2 S2 ANU-6435 1235 + 60 1267 (1171) 1068 + 683 (779) +882
TO-Pe-2 4 Sample 4 S2 ANU-6433 1285 + 60 1286 (1263) 1166 + 664 (687) +784
TO-Pe-5 Oven B Ch NZ-637 1600 + 87 1570 (1530) 1419 + 380 (420) +531
TO-Nk-2 Oven M Ch NZ-635 1620 + 60 1601 (1521) 1397 +349 (429) +553
Pottery in primary association
TO-Nk-15 Dense mid. Ch ANU-64 31 1690 + 160 1820 (1583) 1410 + 130 (367) +540
TO-Nu-8 Layer 2 S? NZ-728 1860 + 50 1868 (1822) 1728 + 82 (128) +222
TO-Pe-27 Layer 10 Ch ANU-435 1830 + 850 2779 (1786) 930 -830 (+164) + 10
TO-At-96 Midden SI ANU-5723 2180 + 60 2319 (2271) 2116 -370 (322) -167
TO-Nu-8 Pit J S? NZ-725 2190 + 80 2332 (2265) 2073 -383 (316) -124
TO-Pe-27 Layer 4 Ch ANU-429 2210 + 145 2349 (2238) 2049 -400 (289) -100
TO-Pe-6 Horizon I S? ANU-873 2225 + 50 2335 (2228) 2150 -386 (279) -201
TO-Ko-4 4 Midden S2 ANU-6432 2230 + 70 2341 (2225) 2145 -392 (276) -196
TO-Pe-27 Layer 15 Ch ANU-436 2260 + 415 2779 (2228) 1810 -830 (379) + 140
TO-Pe-65 505N/490E SI ANU-64 34 2285 + 65 2349 (2339) 2207 -400 (390) -258
TO-Mu-2 Layer 4 S8 ANU-6751 2320 + 70 2356 (2344) 2323 -407 (395) -374
TO-Pe-6 Oven DN Ch ANU-24 2350 + 200 2739 (2349) 2139 -790 (400) -190
TO-Pe-6 Oven K Ch NZ-636 2380 + 51 2466 (2354) 2346 -517 (405) -397
All dates (given as date BP*) have been corrected for isotopic fractionation, using as a standard the 8 C- 
values of -1.5 + 2.0 %o for marine carbon (shell) in the lagoon, +1.5 + 2.0 %o for marine carbon (shell) outside 
the lagoon, and -24.0 + 2.0 %o for wood/charcoal. Where appropriate, the dates have been corrected for the ocean 
reservoir corrected effect (-240 years) and for the hard water effect (-240 years). The dates have been 
calibrated using the program CALIB (version 2.0) by Stuiver & Reimer (1986), 10 atmospheric option. The range is 
given with the central intercepts presented in brackets. For a full discussion of the treatment of the 
radiocarbon dates see SS-XII. Abbreviations: CH = Charcoal; Mat. = Material; po. - pooled dates; SI = Shell, 
Anadara; S2 = Shell, Gafrarium\ S? = Shell, unknown species.
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shellfish in the inland areas, and thus the procurement of shells from the lagoon or any other source, 
must have dwindled very quickly, as no proper middens accumulated. It is quite possible that strong 
contacts with communities at the lagoonal shore continued, but that their recognition in the form of 
fishbones is complicated by geochemical erosion. Eventually by the end of the Late Lapita Period, as 
we have already seen, Tongatapu was covered with sites {cf. figure 4.2).
Route 4: The movement of sites onto the offshore islets
Route 4 involves the settling of islets and newly emerged sand cays off Tongatapu. These are too 
small for subsistence agriculture, so that the exploitation of marine resources will be a dominant 
feature. Several of the islands near Fanga ’Uta lagoon have extensive shell-midden deposits: Pangai- 
motu, M akaha’a, Manima, ’Onevao, Velitoa Hihifo and Monuafe, most of which are subject to erosion by 
the sea {cf. Spennemann 1986f). In general, the pottery scatters are very thin and commonly exposed 
only in the completely eroded sites of the intertidal area, such as TO-Pi-12 on Pangaimotu and TO-Ci-3 
on Manima. Wave action washes away the midden matrix and leaves behind the heavy items, such as the 
larger shells, sherds, oven stones and stone adze blades. The resulting assemblage is thus a mixture 
of all phases of a given site, making any dating unreliable, if not impossible. On the whole, the pot­
tery from such sites is heavily waterwom, but seems to be relatively hard and thus well fired. It may 
be assumed, however, that the softer sherds have been eroded away. At least in one instance, the sam­
ple from Monuafe, some of the pottery is Fijian, on the basis of its decoration (figure 9.27). Given 
the early dates obtained from Pangaimotu, however, the case for Late Lapita occupation of these islets 
is worth considering. Pottery has been found on Manima* 2), Pangaimotu3), Monuafe4) and
21’ At the southeastern part of Manima an extensive scatter of shells and volcanic oven stones was encountered 
(site TO-Ci-3; cf. figure 4.4), indicating the location of a former site. Several stone-adze fragments, most 
probably of post-Lapita date, given the shape (figure 4.5), and a few heavily waterwom sherds were found.
3)'  Pangaimotu, the largest of the sand cays close to Nuku’alofa, shows several house mounds and shell-midden 
deposits at the western shore and inland {cf. chapter 8). McKern excavated one of these mounds and came across a 
small amount of pottery (site TO-Pi-1; McKern 1929:102). Repeated searches for this mound failed to locate it 
during the 1985-1988 seasons. An eroded site consisting of a pottery and oven stone scatter was encountered in 
the intertidal zone at the eastern side of the island (TO-Pi-12). A few isolated sherds were also found in appa­
rently secondary context at sites TO-Pi-4, TO-Pi-6 and TO-Pi-13 (one sherd each). The earliest date available 
for Pangaimotu, from a fireplace underneath the earliest layer of house mound TO-Pi-6, indicates human habita-
(continued on next page)
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’Onevao.* 5  ^ Large middens apparently without pottery have also been seen on M akaha’a0) and the Veli-
J\
toas. The only dates available are for Pangaimotu, which document human use of the islet by the 
first century AD.3)
Route 5 - expansion to islands beyond Tongatapu
This step is equivalent to founding new colonies. It can be anticipated that nearby islands would 
have been settled first, followed by islands further away or even in different island groups. Such a 
settlement sequence is commonly hard to prove, especially the question of the origin of the new 
settlers, as a range of ‘homelands’ can be brought into consideration. However, in the case of the 
Tongatapu Group, one such settlement process can be proposed, the movement to ’Eua.
Neighbouring ’Eua is a relatively high-rising island with a narrow fringing coral reef, which has 
only one passage, at Ohonua. An archaeological impact study conducted at this location (Spennemann 
1987b) has put on record two pottery-bearing sites, both of which contained undecorated Late Lapita 
sherds. One site, situated on the Holocene terrace of the Ohonua formation (c/. Chapter 2), was tes­
ted (TE-Oh-4), revealing a midden overlying a clayey layer, which in turn overlay a coarse beach sand, 
thought to have been an active beach or storm beach dated to 2700 + 115 BP* (Beta-20577). The midden 
layer was dated to 2030 + 90 BP* (Beta-20576).
3}
(continued) tion as early as the late first century AD (ANU-6427; cf. table 7.3). A sheil date from a layer 
predating house mound TO-Pi-7 gave a similar age (ANU-5726; cf. table 7.3). Both dates show that human
utilisation of Pangaimotu took place at a time when pottery was still in use on mainland Tongatapu.
Monuafe is a very low-lying islet, about 60 by 15-20 m, on the fringing coral reef. Its highest point ca. 0.6 
m above HWL, it is subject to frequent washing by cyclonic tidal surges. Only heavy artefacts, such as oven 
stones and a few heavily waterwom sherds can be found in the reworked beach debris.
5) The entire islet of 'Onevao, east of Velitoa Hihifo, is covered by a midden eroding into the sea. Several 
shell- and stone-adze fragments, as well as a few sherds, have been found (Golson 1957: fieldnotes; Spennemann 
1986a: 47). The midden was tested by Golson in 1957.
6') Golson (1957: fieldnotes) excavated at a burial site underlain by a shell midden. While the burial site (TO- 
Bi-1) is dated on the basis of some eroded bones to the late 13th century AD (ANU-5716), the midden remains un­
dated. The midden (TO-Bi-3) occupies almost the entire southeastern part of the island and reaches a thickness 
of over 2 m.
1%> Golson (1957: fieldnotes) tested a small midden on Velitoa Hihifo in 1957; this has not been dated. No 
pottery was found.
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Figure 4.4: Site TO-Ci-3, Manima Islet, Tongatapu Group. Top: Photograph showing the completely eroded 
site exposed at low tide. General view looking east. Bottom: Close-up of the scatter of oven stones.
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Figure 4.5:
Site T0-Ci-3, Manima Islet, Tongatapu Group. Stone adzes found on the surface of the eroded site.
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The clayey layer underlying the midden is interpreted as the result of extensive forest clearing above 
the site.* 8) If this hypothesis is true, then the midden represents a terminus ante quern for human 
settlement only. So far, no evidence for pottery earlier than Late Lapita has been found (Spennemann 
1987b; Dye pers. comm.). Since the geomorphology of Ohonua rules out any large-scale alluvial deposi­
tion of the magnitude of a metre or so, we can assume that the absence of Middle Lapita sites is real 
and not an artefact of survey. The alluvial soil underneath TE-Oh-4 is bracketed by the two radiocar­
bon dates, so that the clearance phase it is thought to represent falls between the mid of the 9th 
century C (Beta-20577; 2700 + 115 BP*; 838 BC, l a  800-990 BC) and the late 4th century BC (Beta- 
20576; 2270 ±  115 BP*; 383 BC, l a  190-410 BC).
The expansion of the settlement area in chronological perspective
Using the evidence presented above, we can date the beginning of expansion of settlement on Tongatapu as 
follows:
thRoute 1 - westward expansion along the coast pre - 4 century BC.
Route 2 - eastward expansion along the coast ??
Route 3 - expansion into the inland areas during 4th century BC
Route 4 - expansion to the islands offshore 
Route 5 - expansion to islands beyond Tongatapu
during first century AD. 
during 6tH to 4th century BC
On the available 14C dates and the relative pottery chronology (c/. seriation in chapter 3), it seems 
that the westward expansion took place before the inland expansion. The expansion to ’Eua cannot be 
dated very accurately but appears to be roughly contemporary with the inland expansion, i.e. some time 
around the first half of the first millennium BC Compared to this, the Pangaimotu dates for 
the settlement on the small sand cays are markedly later.9)
Initially, the clayey layer was thought to represent an ash shower deposited after the relative sea-level had
fallen (Spennemann 1987b:D-27). However, the radiocarbon date for the natural beach layer yielded an age of only
2700 + 115 BP* (Beta-20577), rather than an expected age of 6000 to 5000 BP*. Since ash layers are absent from
all excavated sites on Tongatapu, the layer is obviously not a primary ash deposit, but alluvial material washed
in from upslope. The homogeneity of the layer strengthens this interpretation, as it consists of tephra-derived
soil with little, if any, humus content; a greater humus content would have been expected, had it accumulated
gradually.
9  ^ This probably reflects the fact that the islets did not exist much earlier. We can anticipate that it took 
some time for a sufficient amount of sediment to accumulate after the relative sea-level had fallen to about its 
present height.
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The problem of site continuity
Having discussed the routes and possible sequence of the expansion of settlement area on Tongatapu and 
beyond, we should take a look at the fate of the sites which had been settled during the Early and 
Middle Lapita Periods. A comparison of figures 3.15 and 3.16 with figure 4.2 shows that in many cases 
a Late Lapita site is located very near to one of Early or Middle Lapita, indicating some son of con­
tinuity, if not at the site itself, at least nearby (‘location continuity’).
Although some investigated middens span two consecutive chronological phases10), this seems to be 
rather uncommon* 1 suggesting at least small-scale mobility of populations. It is interesting to note 
that even locations with access to permanent freshwater12), such as TO-Pe-65, were given up, which is 
surprising given the scarcity of drinking water unless wells were dug (c/. chapter 8). Many of the 
sites given up during Early or Middle Lapita times show evidence for activities, commonly in form of 
pits or ovens, in much later times (see table 4.1).13) The composition of some top layers of midden 
sites, such as horizon III of site TO-Pe-3, is characterised by a large number of broken and trampled 
shells, indicative of later activity not accompanied by rapid build-up of midden.
10^  Such as TO-Pe-5 (Early to Middle), TO-Pe-6 (Middle to Late) and TO-Pe-65 (Middle [?] to Late)
1 ^ It should be kept in mind, however, that the definitions of Early, Middle and Late are quite arbitrary.
12) Such as natural ‘springs’ i.e. solution channels through which the groundwater lens discharges into the 
lagoon, (cf. figure 4.11).
13)'Good examples are sites TO-Nu-8 (AD 1429), TO-Pe-1 (AD 1436/1448) and TO-Pe-5 (AD 1514-1616).
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Table 4.2: TO-Mu-2. M u’a, Tongatapu. Analysis of samples of midden deposit by number and weight. 
The percentages are totalled columnwise.
N o . 1 N o . 2 N o . 3 N o . 4
L a y e r  2 L a y e r  3 L a y e r  4 L a y e r  5
N g r m N g r m N g r m N g r m
S h e l l :
A n a d a r a  a n t i q u a t a 4 5 1 . 7 1 10 . 8 4 6 8 . 3 2 5 5 . 8
A n a d a r a  sp. [ ? ](***) - — - — - 5 .6 _ —
G a f r a r i u m  t u m i d u m 20 1 3 0 . 7 2 19 . 8 2 1 4 . 6 — —
G a f r a r i u m  g i b b i o s u m 2 2 .5 - — - — - —
G a f r a r i u m  sp., b u r n t  [**] - — - — - 0 .9 - —
O s t r e a  s a n d v i c h i e n s e 158 4 5 7 . 0 69 1 3 4 . 9 1 23 2 8 6 . 1 35 7 1 . 6
0. s a n d v i c h i e n s e ,  b u r n t  [**] - — - — - 1 0 . 4 - —
Q u i d n i p a g u s  p a l a t a m  (**) — 5.0 - — - — - —
V e n e r u p i s  g a l a c t i t e s 2 1 1 . 5 2 4.1 42 2 8 . 0 - —
C h i c o r e u s  b r u n n e u s - — - — - — 1 6.2
P h a s i a n e l l a  sp. - — - — - — 1 1.6
C y m a t h i u m  g e m n a t u m - — - — 1 2 .2 - —
T r i d a c n a  sp. - — 1 2 7 . 6 - — 2 69.4
A r e a  sp. - — 1 0.5 - — - —
C h a m a  s p . 1 1 1 . 5 - — - — 1 2 5 . 1
T e l l i n a  sp. 1 0.8 - — - — 1 0.7
C h l y p o m o r u s  b r e v i s 2 0.6 - — 1 0.4 - —
O s t r e a  s a n d v i c h i e n s e 3 1.5 - — 1 2 . 2 - —
F r a g u m  f r a g u m 2 1 2 . 3 - — - — - —
T r i s i d o s  sp. ( s e m i t o r t a ? ) 3 1 1 . 2 - — - — - —
T u r b o  c h r y s o s t o m u s 1 3.6 - — - — - —
U n i d e n t i f i e d - — - — 1 1.8 2 0.9
S u b  t o t a l 1 9 9 7 1 3 . 5 76 1 9 7 . 7 1 7 5 4 2 0 . 5 46 2 3 3 . 1
B o n e :
F i s h  b o n e ,  u n i d e n t i f i a b l e - — - — 6 5.1 - —
S e a  u r c h i n  s p i n e 1 0 . 0 3 - — 5 1 0 . 2 - —
S u b  t o t a l 1 0 . 0 3 - — 11 1 5 . 3 - —
O t h e r :
P o t s h e r d s 2 1 0 . 6 - — 3 2 0 . 6 1 6.2
C o r a l ,  b r a n c h e s 71 2 6 0 . 7 18 1 0 3 . 8 56 1 9 7 . 5 15 1 2 0 . 5
B u r n t  c o r a l ,  b r a n c h e s 5 6.4 2 1 3 . 2 8 1 1 . 3 - —
C o r a l  l i m e s t o n e 15 4 1 . 9 - — 1 1.1 1 12 . 1
C o r a l  l i m e s t o n e ,  b u r n t 6 1 0 2 . 0 - — - — - —
S u b  t o t a l 99 4 2 2 . 5 20 1 1 7 . 0 68 2 3 0 . 5 17 1 3 8 . 8
T O T A L 2 9 9 1 1 3 6 . 0  3 
: = = = = =  = =::= =
96 3 1 4 . 7 2 5 4 6 6 6 . 3 63 3 7 1 . 9
Please note: Forsample 1 see footnote 15 on page 185. [*] = For badly broken shells the numbers referto the 
number of umbos present. The weight, however, refers to the whole. [**]= For badly broken shells without 
umbos present the entry under heading ‘N ’ is omitted and the weight only given. [***] = Small fragments with 
naturally bored holes.
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Table 4.3: Site TO-Vi-1. Velitoa Hihifo, Tongatapu Group. Analysis of shell samples by number and weight.
Species
LAYER 4A 
N grm
LAYER
N
. 5 
grm
Shell:
A n a d a r a  a n t i quata 17 565.9 10 258.6
A n a d a r a  s p ., burnt — — 5 183.6
Chama iostoma 11 319.9 6 133.7
V a s t i c a r d i u m  s p . 5 164.9 6 87.4
Lambis lambis 2 23.2 — —
G a f r a r i u m  t u m i d u m 2 8.3 — —
P e r i g l y p t a  p u e rpera 2 106.4 — —
Ostrea sandvichiense 2 45.3 2 13.9
Conus litteratus 1 4.6 — —
Conus capitaneus 1 53.3 — —
Conus parvulus — — 1 28.2
Polinices m e l a nostomus 1 8.8 1 7.9
Gari sp. 1 5.1 — —
Turbo chrysostomus 1 4.7 2 19.5
T r a p e z i u m  s u b l a e v i g a t u m 1 3.6 — —
Tel l i n a  s p . -- — 1 2.9
Strombus sp. -- — 2 8.5
U n i d e n t i f i e d  Univalve 1 4.7 — • ----
Sub total 48 1318.7 36 744.2
B o n e :
Sea urchin spines — — -- 1.8
dto., carapace frag. — — — 2.7
Sub total 0 o o 0 4.5
Other:
Charcoal — — — 10.0
Burnt coral — — 7 60.5
Soil sample — — — 288.3
Sub total 0 0.0 7 358.8
“ = = = = = = = = = = = = = = = = = == = =: = = =:= = =::==============
TOTAL 49 1318.0 43 1107.5
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Table 4.4: TO-NU-8. Mangaia mound, Tongatapu. Trench 2. Analysis of midden deposits by number 
and weight. The percentages are totalled columnwise. For notes refer to table 4.2.
Species
Layer 2 Layer 3 Layer 4
N grm N grm N grm
S h e l l :
A n a d a r a  an t i q u a t a 9 79.1 20 364.4 6 69.0
A n a d a r a  s p . [?] [***] — — — 49.9 7 35.6
G a f r a r i u m  t u m i d u m 15 69.3 77 595.3 43 231.4
G a f r a r i u m  g i b b i o s u m 3 8.5 15 72.4 12 34.2
G a f r a r i u m  p e c t i n a t u m — — 31 128.3 — —
G a f r a r i u m  tumidum, burnt — — 2 4.9 — —
G a f r a r i u m  s p ., burnt [**] — — — — 1 1.3
V e n e r u p i s  g a lactities — 0.1 7 17.0 4 9.7
Chama b r a s s i c a — — 1 16.9 — —
Tel l i n a  sp. — — 5 15.1 — —
C r a s s o s t r e a  sp. 1 0.6 1 2.8 — —
Pitar s t r i a t u m — — 4 27.5 — —
P e r i g l y p t a  pue r p e r a 2 60.0 2 53.3 — —
Turbo chryso s t o m u s 3 12.6 11 59.5 8 24.9
F r a g u m  fra g u m — — 1 16.9 — —
Q u i d n i p a g u s  p a l a t a m — 0.1 3 6.6 2 6.5
P o l ynices m e l a n o s t o m u s -- — 2 19.6 — —
Conus ebraeus 1 5.7 — — — —
Cyprea s p . 1 3.4 — — — —
Hippopus hippopus -- 7.4 — — — —
V a s t i c a r d i u m  s p . — 4 .1 1 10.4 — —
Thais h i p p o c a s t u m 1 9.9 — — — —
Cyprea annulus — — 1 2.9 1 2.0
Cyprea tigris -- — — — 1 11.3
C y m a t i u m  s p . — — 1 12.0 — 2.3
Trisidos s p . [semitorta ?] -- — 1 5.9 — —
Strombus m u t a b i l i s  m u t abilis — — 1 3.8 — —
U n i d e n t i f i e d  Bivalve — — — -- — 1.6
Sub total 36 255.4 187 1485 . 4 85 429.8
Bone:
Fish bone, u n i d e n t i f i a b l e 1 0.4
Sea u r c h i n  spine 5 0.8 — — — —
Sub total 6 1.2 — — — —
O t h e r :
Coral, branches 4 16.8 1 27.3
Burnt coral, branches 1 5.9 — — 3 64.1
Coral limestone -- — 4 11.6 -- —
Sub total 5 22.7 4 11.6 4 91.4
TOTAL 47 279.3 191 1497.0 89 521.2— = — ==== = = = = = = 5  = === = == = = = = = = = = = = = = === = === = = = = = = ===== == = = === = = = = ==== = =============
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SUBSISTENCE PATTERNS 
The archaeological evidence
As noted in chapter 3 for the Early and Middle Lapita Periods, the archaeological evidence for the 
subsistence economy of the Lapita people is dominated by the shell refuse and the other faunal mate­
rial encountered in the shell middens. Evidence for vegetable foods in the Late Lapita Period is again 
largely circumstantial, consisting of forest clearance and the implications of excavated pits, faunal 
evidence and botanical remains.
Lagoon sites
Given the environmental changes affecting the lagoon, individual areas provided different habitats for 
fish and shellfish resources. Three main areas can be distinguished: the western pocket (Pea and 
Havelu sector), the eastern pocket (Mu’a and Longoteme sector) and the lagoonal mouths, both the 
existing one and the former mouth at Nukualofa.
Pea sector
The faunal composition of two of the Late Lapita sites on the shores of the Pea sector has been ana­
lysed. These are site TO-Pe-6, excavated in 1964 (Poulsen 1987: I 37 ff.) and site TO-Pe-65, about 
1100m to the north, surface sampled in 1987 (Sampling Report 4). Both sites are of comparable age (TO- 
Pe-65: 390 BC; TO-Pe-6, horizon IT: 393 BC; cf. table 4.1 for details). Poulsen’s analysis of shell­
fish composition focused on Anadara and Gafrarium, while the remaining species were subsumed under 
‘other’. Through the site Gafrarium makes up between 42% and 60% of all shells. From an analysis 
conducted horizon by horizon (table 3.22), no clear overall trend can be made out. The representation 
of both Gafrarium and Anadara gradually increase over time, while that of ‘other’ shells fluctuates 
wildly. The composition of site TO-Pe-65 is similar, although the percentage of ‘other’ shells is less.
Analysis of the shell size of Gafrarium shows that the shells from site TO-Pe-65 (36.05 + 8.55mm; 
N=442) are significantly larger than those from TO-Pe-6 (32.04 + 6.65mm; N= 1047; P < 0.0009; df = 
676.70). Since the sites are chronologically indistinguishable, sampling technique can be excluded as
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a source of errorl4), the difference in shell size suggests that different shell beds were being ex­
ploited. Since environmental conditions, such as tidal flushing, wave action and bottom conditions, 
were not significantly different between the two areas, the size difference can be explained in two 
ways: either the beds near the southern shore of the lagoon at TO-Pe-6 had been exploited for a longer 
time, perhaps from Early Lapita onwards, or they were exposed to a greater predation pressure due a 
higher human population density. Either explanation seems to indicate not only the exploitation of 
different shell beds, but perhaps ownership rights of different communities. At the very least we can 
argue from the differentiation in shell size that the foraging range of the population at TO-Pe-6 was 
less than 1000 m along the lagoonal shore, which is pretty much the same as can be observed today.
Mu’ a sector
Save for site TO-Mu-2, excavated by Golson in 1957 (fieldnotes), no detailed faunal data exist for 
Lapita sites in the M u’a sector. The four samples15) from Golson’s site which have been analysed 
(Spennemann 1985e; 1985h) are dominated by Ostrea sandvichiense (table 4.2), which makes up between 
30.7% (layer 5, the lowest) and 68.2% (layer 4) of all shells by weight and between 70.3% (layer 5) 
and 90.7% (layer 3) by numbers (umbo count). Throughout the samples Anadara and Gafrarium play minor 
roles only. However, it is noteworthy that Anadara steadily decreases, while Gafrarium steadily 
increases through the midden. Superficial examination1^  of other shell middens in the area (TO-Tu-7; 
TO-Tu-8) also revealed the presence of Ostrea shells in large quantities, although it seemed that 
Ostrea were more common in Late Lapita (TO-Mu-2, TO-Tu-7) than in Early Lapita deposits (see below).
14) The bulk of the shell sample from site TO-Pe-65 comes from surface collection. The top 50 mm of six 1 x 1 m 
squares, however, was taken as a bulk sample to investigate possible sampling errors. The mean Gafrarium shell 
size of the bulk sample is 36.05 + 8.55 mm (N = 442), while the size of the other sample is 39.61 + 8.21 mm 
(N=687). Based on Student’s t-test this difference is statistically very significant (P < 0.0009, df = 918.8), 
indicating that smaller shells may either not have been collected from the surface or not have survived. A simi­
lar observation can be made for the Anadara samples, where the bulk sample showed a size of 51.06 + 12.33 mm 
(N=126) and the surface sample one of 56.93 + 10.98 mm (N=430). Based on Student’s r-test this difference is 
also statistically very significant (P < 0.0009, df = 186.92). Therefore, to permit full comparability, only the 
excavated sample has been taken for the analysis of the shell size.
15- While samples 2 to 4 (layers 3 to 5) could be located beyond doubt, sample 1 (layer 2) was missing. A sample 
bag of similar physical appearance, with an approximately similar midden composition both as to shellfish 
species and soil matrix, has been analysed (Spennemann 1985h) and has been included in table 4.2.
16^  The midden composition was estimated by inspection, not properly sampled.
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Lagoonal mouths
Sites located at or near the lagoonal mouths, both the existing one between Nukuleka and Nukunukumctu 
and the former western entrance at Nukualofa (cf. chapter 2), would have permitted a human population 
to draw upon both lagoonal and northern shores for food. Given that several shellfish species occur in 
both environments, it cannot commonly be shown from which area the resources were actually taken.
Western lagoonal mouth: The detailed analysis of the radiocarbon dates from this area carried out in 
SS-XII, however, provides some data on this matter. It was found that the 513C values of shells inside 
the lagoon were negative regardless of species, i.e. more influenced by biogenic carbon, while for 
shells collected outside the lagoon they were positive. The four shell samples submitted for dating 
site TO-Nu-8 had negative values in half the cases, chronological distribution of the dates shows that 
the observed variation in the 513C values is not linked with the closure of the lagoon, so that the 
exploitation of both lagoonal and offshore shellfish beds is the most likely explanation. The majority 
of the shellfish remains from site TO-Nu-8 (cf. table 4.4) is made up of Gafrarium, while Anadara is 
only a minor constituent (Spennemann 1985g).
Eastern lagoonal mouth: Site TO-Nk-15, comprising three Late Lapita layers and a post-Lapita earth 
oven, is located at the eastern shore of the present lagoonal mouth, approximately 1100m north of TO- 
Nk-2. The Lapita layers exhibit an overall trend of decreasing concentrations of shell material and 
pottery in the matrix. The bottom layer (horizon I), which has been dated to AD 367 (ANU-6431), con­
tains over 40% Anadara, 16% Gafrarium and 40% other shell species, mainly Turbo, Lambis, Chama and 
Pinctada spp. (cf. Excavation Report 11). Over time, variations in shell-species composition can be seen, 
but these fluctuate without any clear-cut trend. While exploitation of shells from sandy-bottom envi­
ronments remains stable over time (-60%), the representation of other shells changes: reef and rocky- 
bottom shells increase (9.28% [H I] to 28.33% [H IV]), whereas muddy-bottom shells decrease correspon­
dingly. This could well indicate a change in the exploitation strategies of the inhabitants 
of TO-Nk-15. While the bulk of the shellfish was collected offshore in the lagoonal entrance, the sup­
plementary shellfish, comprising about 40% of the total, came from the lagoon during the early phase 
of the settlement and from the reef areas outside during the later phases.
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Inland sites
Of all Lapita sites encountered in inland areas during the various surveys carried out on Tongatapu, 
only one showed a substantial accumulation of shell-midden deposit, site TO-At-96.1/) The shellfish 
composition (c/. table ER-8.3 for details) shows a predominance of Gafrarium shells at 54%, with Ana- 
dara amounting to 35%. Other shells are thus relatively scarce, consisting mainly of Ruditapes varie- 
gatus, Quidnipagus palatam and other mud- and sand-dwelling species. The shell species exploited come 
from the lagoonal shore near Pea, save for the few Turbo sp. (3%), which would have been collected on 
rocky or reefal shores, possibly off Nuku’alofa to the north, or on the liku coast, 1.5 to 2.0 km 
south of the site. It is interesting to note that chitons, sea urchins and other such ‘snack’ foods, 
usually collected in an ad hoc fashion, are missing.
Western sites
Only one site on the western shore of Tongatapu has been sampled. At site TO-Ko-44, exposed by mecha­
nised gardening, two unstratified samples were taken, containing mainly shells, but also coral-lime­
stone fragments and a few fish bones, among which no pelagic species were seen. The shells were pre­
dominantly Gafrarium tumidum, -90%, with -4%  Turbo sp. While the former indicate an exploitation of 
the mudflats off the shore, the Turbo shells show that the reef, which is about 6km seaward from the 
site, was also utilised, which ties in well with the composition of the fishbone assemblage. Anadara 
and Vasticardium, both sandy-bottom dwellers which occur on the sandflats halfway to the reef, are 
relatively rare (combined: 2%). This suggests that shellfishing concentrated on the immediate area 
near the shore, where Gafrarium could be obtained. Shells like the reef-dwelling Turbo were presumably 
collected during fishing trips.
Eastern sites
None of the eastern sites has been excavated or properly sampled. Inspecting the composition of the 
surface shells suggests the exploitation of the reef and rocky shore. Only very small amounts of Ana-
17) However, it should be noted, that this midden was hidden beneath an earthen mound of approximately 0.6-0.8m 
thickness and only exposed because of planting holes dug into the shell-bearing layer. It is possible that more 
such sites exist, but were not seen or recognised during the survey of the Ha’ateiho transect If so, they are 
not likely to be common
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dar a were seen, suggesting that fishing trips to the offshore islets of ’Onevao/’Onevai, Motutapu or 
Fukave were uncommon.18)
Sites on the offshore islets
All occurrences of pottery on the offshore islets were at surface sites or in secondary deposits. The 
excavated sites on Pangaimotu which have provided dates overlapping with the pottery period on the 
mainland, such as TO-Pi-7, the base of TO-Pi-6 and the extensive midden scatter north of site TO-Pi- 
13, contain shellfish material coming from the surrounding reef flats (c f Excavation Reports 23-25). 
A large variety of species was taken, with no species preference evident. Anadara naturally dominates 
(-20-35% of the sample), followed by Chama spp. (5-20%) and Turbo spp. (10-20%). Other genera occur 
regularly, but commonly make up only between 2 and 8% each. A substantial amount (between 5 and 20%) 
consists of Atactodea striata, a rather small (average adult length approx. 15-20 mm), sandy- and 
sandy/muddy-bottom dwelling bivalve, which today is mainly collected by children.
Site TO-Vi-1 on Velitoa Hihifo (table 4.3) shows the exploitation of Anadara and Chama spp., both 
species abundant on the reef flats (Spennemann 1985f).
The sampling of the very extensive midden TO-Bi-3 on Makaha’a was very limited. In one of the midden 
layers a small pit-like discolouration was noted, which contained a large number of sea-urchin spines. 
On the assumption that this pit constituted the remains of a meal of sea urchins, a sample of the pit 
contents was taken for comparison with samples from elsewhere (c/. Sampling Report 8). Of the shells 
25% by weight were Anadara, almost 30% Turbo sp. and 20% Modiolus sp., while there was only 5.6% of 
sea-urchin remains, although these were visually dominant. In 1957 Golson (fieldnotes) took a sample 
of shells for 14C dating at the northern end of the site. Since the sample was never submitted, it was 
available for analysis and provided -90% Turbo and -10% Modiolus, both abundant on the reef fiats.
18}
Most of the Anadara available at the Nukualofa fishmarket nowadays are procured from the reefs near ’Onevao 
and ’Onevai, about 1.5 hrs by outboard motor and about 6 hrs by paddle.
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Sites on ’Eua
The shellfish composition of site TE-Oh-4 reflects the available resources in the vicinity. 
Since a reef environment predominates, reef species are the most common. It is of interest to note 
that the sand deposits underlying the alluvial layer beneath the midden, which has been interpreted 
as storm-beach material, produced Anadara, nowadays unknown on ’Eua.19) The presence of Anadara in the 
Ohonua area prior to 2700 BP* and its absence from the midden above the alluvial layer (dated to 2230 
±  90 BP*) are very suggestive of an anthropogenic destruction of the Anadara habitat.20)
Exploitation patterns in the western sector vs. the eastern sector 
As during the Early and Middle Lapita Periods, Anadara and Gafrarium formed the mainstay of the Late 
Lapita shellfishing economy. Given their prolonged exploitation, it can be expected that they species 
would show evidence of predation pressure. In addition, environmental parameters had changed since 
Middle Lapita times, as the formerly open lagoon became closed off with the fall in relative sea-level 
(cf chapter 2). In these circumstances conditions would have become more favourable for Gafrarium, 
which prefers sheltered habitats, but adverse for Anadara, which cannot live in brackish-water habitats.
Gafrarium
It was pointed out in chapter 3 that both Gafrarium and Anadara show evidence for size changes over 
time. The statistically highly significant decrease in Gafrarium shell size between the Early and 
Middle Lapita Period, was attributed to increased predation of these shells.2 The trend of decrea­
sing Gafrarium shell size continues from the Middle Lapita Period through to post-Lapita times (Forma­
tive Period; table 4.5). On the micro-level, however, this overall trend is not totally linear, as the 
Late Lapita settlements at the lagoonal shore show a slight but statistically significant (P= 0.026)
19) So far, Anadara has not been reported from the beaches of southern ’Eua. Shellfishing women were unequivocal 
that Anadara does not occur on ’Eua and that the Anadara found on modem shellfish dumps have been brought over 
by ferry from Nukualofa fishmarket.
20) Ohonua is located at the mouth of the Lakatoha river and the sandy bottoms preferred by Anadara are compara­
tively rare in the vicinity. We might surmise that the increased sediment load of the Lakatoha river caused by 
the clearing of vegetation above the site was responsible for the death of the Anadara. In the light of the 
thickness of the alluvial layer, the sediment load can be assumed to have been substantial.
21) As before, the following is abstracted from SS-VII
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increase in shell size compared to the Middle Lapita sites. The shell size at the Late Lapita inland 
site (TO-At-96) is statistically very significantly smaller than that at both the Middle Lapita and 
the Late Lapita sites along the lagoonal shore. The size increase between samples from Middle Lapita 
and Late Lapita shoreline sites, which in a hasty interpretation could be attributed to decreasing 
predation pressure, comes about because site TO-Pe-65 is included; as has been discussed above, this 
site apparently exploited a different shell bed somewhere in the Havelu sector. If we calculate Gafra- 
rium shell size for the Pea sector only (table 4.6), then we note a statistically very significant 
decrease from each chronological phase to the next, i.e. between the Middle Lapita sites, the Late 
Lapita sites at the shoreline and the sites belonging to the post-Lapita Formative Period. In a 
parallel development, we note that the standard deviation decreases over time (from 8.37 in Middle 
Lapita times to 4.38 in the Formative Period), which indicates that the size of shells taken has be­
come more standardised. In figures 4.6 and 4.7 these developments are shown in graphical form.
Anadara
The development of Anadara is similar, but follows slightly different mles. While the Late Lapita 
sites at the shoreline again show an increase in average shell size compared to the Middle Lapita 
sites (total sample considered), the increase is statistically insignificant. If we consider only the 
sites of the Pea sector, we note a statistically significant decrease from Middle Lapita to both 
lagoonal and inland Late Lapita sites. The difference between the Late Lapita sites (shore vs. 
inland), as well as between the Late Lapita and the Formative Period sites, however, is statistically 
insignificant. The major change is that Anadara shells became extremely rare during the Formative 
Period. Given the small size of the Formative samples (N=24), not much confidence should be placed in 
Student’s r-test, although the mean is much smaller (39.8 mm vs. 43.0 mm). While its sensitivity to 
changes in environmental conditions, especially salinity, Anadara dies out during the Late Lapita 
Period. A breakdown of the Late Lapita and Formative Period sites (table 4.8) reveals that Anadara is 
largely absent from sites in the western sector after about the time of Christ. The last properly 
dated sample comes from the Late Lapita inland site TO-At-96 (360 BC), where it is represented at 35%.
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Middle Lapita 
Late Lapita (shore) 
Late Lapita (inland)
Figure 4.6: Distribution of shell size in Gafrarium, comparing Middle Lapita samples and Lapita 
samples from the coast and inland. Cumulative percentages.
Middle Lapita 
Late Lapita (shore) 
Late Lapita (inland)
Size (mm)
Figure 4.7: Distribution of shell size in Gafrarium, comparing Middle Lapita samples and Lapita
samples from the coast and inland. Histograms.
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Table 4.5: Student’s r-test (two-tailed test, separate variance estimate) on the means of various 
assemblages of Anadara and Gafrarium from Middle and Late Lapita layers (all samples).
Anadara
N M E A N  SD SE N M E A N SD SE t df p
Middle Lapita sites vs. Late Lapita shoreline sites 
42 4 9 . 3 4 5  1 1 .5 1  1 . 7 7  967 5 0 . 2 4 7 1 2 . 5 0 0 . 4 0 - 0 . 5 0 4 5 . 3 0 0 . 6 2 3
Middle Lapita sites vs. Late Lapita inland site 
42 4 9 . 3 4 5  1 1 . 5 1  1 . 7 7  175 7 4 2 . 7 0 8 1 0 . 6 0 0 . 2 5 3 . 7 0 4 2 . 6 8 0.001
Late Lapita shoreline sites vs. inland site 
967 5 0 . 2 4 7  1 2 . 5 0  0 . 4 0  1757 4 2 . 7 0 8 1 0 . 6 0 0 . 2 5 1 5 . 8 7 1 7 3 3 . 0 4 0 . 0 0 0
Late Lapita inland site vs. Formative Period sites 
175 7  4 2 . 7 0 8  1 0 . 6 0  0 . 2 5  607 5 2 . 3 3 6 1 0 . 7 5 0 . 4 3 - 1 9 . 0 8 1 0 4 1 . 0 4 0 . 0 0 0
Late Lapita shoreline sites vs. Formative Period sites 
967 5 0 . 2 4 7  1 2 . 5 0  0 . 4 0  607 5 2 . 3 3 6 1 0 . 7 5 0 . 4 3 - 3 . 5 2 1 4 2 6 . 3 9 0.000
Gafrarium
N M E A N  SD SE N M E A N SD SE t df P
Middle Lapita sites vs. Late Lapita shoreline sites 
3 2 1 8  3 3 . 4 8 7  8 . 3 7  0 . 1 4  4274 3 3 . 9 0 5 7 . 5 8 0.11 - 2 . 2 3 6 5 4 3 . 6 0 0 . 0 2 6
Middle Lapita sites vs. Late Lapita inland site 
3 2 1 8  3 3 . 4 8 7  8 . 3 7  0 . 1 4  6821 2 9 . 9 4 9 5 . 5 8 0 . 0 6 2 1 . 7 9 4 6 1 2 . 9 9 0 . 0 0 0
Late Lapita shoreline sites vs. inland site 
4 2 7 4  3 3 . 9 0 5  7 . 5 8  0 . 1 1  6821 2 9 . 9 4 9 5 . 5 8 0 . 0 6 2 9 . 4 5 7 1 4 7 . 6 9 0 . 0 0 0
Late Lapita inland site vs. Formative Period sites 
6821  2 9 . 9 4 9  5 . 5 8  0 . 0 6  5570 2 7 . 0 7 7 5 . 0 1 0 . 0 7 3 0 . 1 6 1 2 2 8 1 . 1 5 0 . 0 0 0
Late Lapita shoreline sites vs. Formative Period sites 
427 4  3 3 . 9 0 5  7 . 5 8  0 . 1 1  5570 2 7 . 0 7 7 5 . 0 1 0 . 0 7 5 0 . 9 3 7 0 0 3 . 9 7 0 . 0 0 0
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Table 4.7: Student’s r-test (two-tailed test, separate variance estimate) on the means o f various 
assemblages of Anadara and Gafrarium from Middle and Late Lapita layers (Pea sector only).
N MEAN SD SE N
Anadara
MEAN SD SE t d f P
M iddle Lapita sites vs. Late Lapita shoreline sites 
4 2  4 9 . 3 4 5  1 1 . 5 2  1 . 7 8  4 1 1 4 3 . 0 0 5 9 . 8 0 0 . 4 8 3 . 4 4 4 7 . 2 6 0 . 0 0 1
M iddle Lapita sites vs. Late Lapita inland site 
4 2  4 9 . 3 4 5  1 1 . 5 2  1 . 7 8  1 7 5 7 4 2 . 7 0 9 1 0 . 6 0 0 . 2 5 3 . 7 0 4 2 . 6 9 0 . 0 0 1
Late Lapita shoreline sites vs. inland site  
4 1 1  4 3 . 0 0 5  9 . 8 0  0 . 4 8  1 7 5 7 4 2 . 7 0 9 1 0 . 6 0 0 . 2 5 0 . 5 4 6 5 3 . 9 7 0 . 5 8 7
Late Lapita inland site vs. Form ative Period sites 
1 7 5 7  4 2 . 7 0 9  1 0 . 6 0  0 . 2 5  2 4 3 9 . 8 3 3 1 4 . 4 6 2 . 9 5 0 . 9 7 2 3 . 3 4 0 . 3 4 2
Late Lapita shoreline sites vs. Form ative Period sites  
4 1 1  4 3 . 0 0 5  9 . 8 0  0 . 4 8  2 4 3 9 . 8 3 3 1 4 . 4 6 2 . 9 5 1 . 0 6 2 4 . 2 5 0 . 3 0 0
I
N MEAN SD SE N
Gafrarium
MEAN SD SE t d f P
M iddle Lapita sites vs. Late Lapita shoreline sites 
3 6 5 5  3 3 . 2 6 7  8 . 3 3  0 . 1 3  2 3 0 1 3 2 . 0 5 5 6 . 3 9 0 . 1 3 6 . 5 2 5 7 2 8 . 5 6 0 . 0 0 0
M iddle Lapita sites vs. Late Lapita inland site 
3 6 5 5  3 3 . 2 6 7  8 . 3 3  0 . 1 3  6 8 2 1 2 9 . 9 4 7 5 . 5 8 0 . 0 7 2 1 . 6 1 5 4 5 3 . 7 3 0 . 0 0 0
Late Lapita shoreline sites vs. inland site  
2 3 0 1  3 2 . 0 5 5  6 . 3 9  0 . 1 3  6 8 2 1 2 9 . 9 4 7 5 . 5 8 0 . 0 7 1 4 . 1 0 3 5 5 7 . 5 7 0 . 0 0 0
Late Lapita inland site vs. Form ative Period sites 
6 8 2 1  2 9 . 9 4 7  5 . 5 8  0 . 0 7  4 3 2 3 2 6 . 8 3 8 4 . 3 8 0 . 0 7 3 2 . 7 7 1 0 6 4 4 . 6 3 0 . 0 0 0
Late Lapita shoreline sites vs. Form ative Period site  
2 3 0 1  3 2 . 0 5 5  6 . 3 9  0 . 1 3  4 3 2 3 2 6 . 8 3 8 4 . 3 8 0 . 0 7 3 5 . 0 2 3 4 8 1 . 0 7 0 . 0 0 0
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Table 4.6: Ostrea sandvichiense in shell middens on Tongatapu (in% of shell weight [g]).
Site Horizon Date Gafrarium Anadara Ostrea Other Weight
Eastern sectors of Fanga ’Uta lagoon
TO-Nk-2 IV Formative 7 7 68.29 7 26805
TO-Mu-2 Lay 2 Late Lap 17.65 7.25 64.05 11.05 714
TO-Mu-2 Lay 3 Late Lap 1 0 . 0 2 5.46 68.23 16.29 198
TO-Mu-2 Lay 4 Late Lap 3.69 17.57 70.49 8.25 421
TO-Mu-2 Lay 5 Late Lap 0 . 0 0 23.94 30.71 45.35 233
TO-Nk-15 IV Post Lap 6.78 39.66 0.00 53.56 454
TO-Nk-15 III Late Lap 1 2 . 2 2 36.69 7.41 51.08 1148
TO-Nk-15 II Late Lap 18.99 51.00 0.00 30.00 4084
TO-Nk-15 I Late Lap 16.33 42.24 0.00 41.43 9437
TO-Tu-8 SFC Late ? -1 0 . 0 0 -30.00 50.00 1 0 . 0 0 Estimate
TO-Tu-7 SFC Middle ? -1 0 . 0 0 -40.00 40.00 1 0 . 0 0 Estimate
TO-Nk-2 III Early Lap 9.46 63.40 12.03 27.14 6025
TO-Nk-2 II Early Lap 7.57 67.55 4.52 24.88 5085
TO-Nk-2 I Early Lap 9.20 76.54 6.98 14.26 4945
Western sectors of Fanga ’Uta lagoon
TO-At-30 pit Formative 8 6 . 8 6 0 . 2 2 0.00 8.61 7622
TO-Pe-71 Pit Formative 39.19 0.31 0.01 60.49 4264
TO-Pe-2 4 III Formative 54.73 9.27 0.81 35.99 1007
TO-Pe-24 II Formative 48.23 2.54 0.00 49.23 6609
TO-Pe-24 I Late 3.98 0.56 0.00 95.46 4166
TO-Nu- 8 L 2 Late 28.19 30.97 0.01 40.83 255
TO-At-96 All Late 54.13 35.13 0.01 10.73 94507
TO-Pe-65 All Late 46.54 48.77 0.01 4.69 65049
TO-Nu- 8 L 3 Early 28.19 27.89 0.01 15.90 1485
TO-Nu- 8 L 4 Early 62.10 24.33 0.00 13.57 430
Small sand cays offshore of Tongatapu
TO-Vi-1 L4 7 0.63 42.91 3.45 53.01 1319
TO-Vi-1 L5 7 0 . 0 0 59.42 1.87 38.71 744
TO-Pi-3 M I Formative 1.69 28.40 0.44 69.47 818
TO-Pi-5 M II Formative 0.94 25.77 0.01 73.28 2141
TO-Pi- 6 M II Formative 0 . 0 0 46.48 0.12 53.51 2357
TO-Pi- 6 M I Formative 0.32 20.27 0.36 79.05 2505
TO-Pi-13 K I Classic ? 0 . 2 1 22.25 0.03 77.51 44682
TO-Pi-13 Midden Form-Modern 1.13 30.50 0.00 68.37 161268
Note: A percentage of 0.01 for Ostrea signifies its presence in minute amounts, which in most cases is less than 
0.01%. For the individual samples see respective Excavation or Sampling Reports and Tables 4.2 to 4.4.
Chapter 4: The big transformation • 195
Site TO-Nu-8 is a possible exception to this rule, though the 513C values suggest that the people 
living there possibly exploited both the lagoon and the reefs off Nuku’alofa.
The disappearance of Anadara from the western branch of Fanga ’Uta (Pea, Havelu and Folaha sectors) 
must be seen in in the light of the fact that Anadara is a large-bodied shell containing about twice 
as much meat as Gafrarium. The loss in shellfish supply had to be made up by the increased exploita­
tion of hitherto less predated small-bodied species, which thrive in sheltered environments, such as 
Quidnipagus and Ruditapes. In the centuries after the end of pottery production (AD 600-900) these 
species gained in importance, but eventually were replaced by an almost exclusive exploitation of Gafra­
rium (c f  chapter 10). The move from Anadara to other shellfish species must have meant that more time 
was needed for shellfishing.
While over time the western sector of the lagoon slowly turned brackish, the eastern sector remained 
well flushed. Sites located near the present lagoonal entrance could rely on the Anadara beds there 
and just outside the lagoon. In this area the exploitation of Anadara continues to the present. In 
some of the middens at the eastern shore, however, another shellfish species appears towards the end 
of the pottery-producing period, Ostrea sandvichiense.
Ostrea sandvichiense
This shellfish species has a very distinctive regional and chronological distribution. It is abundant 
in the Late Lapita site TO-Mu-2 dated to the 4th century BC (table 4.1). It is also very frequent in 
the post-Lapita layer on top of site TO-Nk-222), but is relatively sparse in the Early Lapita lay­
ers at that site. Estimates, by inspection, of the shellfish composition of the Middle (?) Lapita site 
TO-Tu-8 suggest that it contains about 40-50% Ostrea. Serious Ostrea exploitation may thus have star­
ted sometime during the 6th or 7th century BC.
22) Of his site TO-Nk-2, Poulsen (1987: I 24) notes that the burial mound horizon capping the Early Lapita mid­
den (zone IV) contained a ‘number of Ostrea shell deposits of varying dimensions, isolated from each other’. 
Since the remaining mound fill was made up of midden similar to that underlying the mound, Poulsen (ibid. 25; 
76) argues that the Ostrea shells had been scraped together from an old shell dump nearby and do not represent 
evidence for post-Lapita shell-dumping as proposed by Green (1972: 83-84). Poulsen (1987: I 76) discusses the
(continued on next page)
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The species is even more interesting from the point of regional distribution, as it is almost comple­
tely absent from the sites in the western sector of the lagoon (table 4.6) and on the offshore islets. 
While this can be explained in the former case by the environmental situation, which was unfavourable 
for Ostrea, this argument does not hold for the sites on the offshore islets. Ostrea occurs on the 
fringing reefs off Pangaimotu, M akaha’a and ’Onevao/‘Onevai, though not very frequently. A represen­
tation of 1-3% Ostrea in the midden material reasonably reflects its natural abundance. Ostrea offers 
little meat and the effort of collection by far outweighs the nutritional benefits. Unless selected 
for special reasons, such as ‘taste’ or ‘rarity’ (chiefly food?), it does not make economic sense to 
collect Ostrea.
In modem Tongatapu, Ostrea are not collected and many shellfishing women could not even identify 
them."3) As a rule, a high incidence of Ostrea in any of the analysed midden samples is coupled with a 
high representation (between -40%  and -80%  of the Ostrea shell weight) of fragments of coral branches, 
mainly staghorn corals (Acropora sp.). In some cases Ostrea were still attached to Acropora branches, 
indicating that the shells were most probably collected in the extensive Acropora coral beds within 
and just outside the present lagoonal entrance (c/. Zann 1984a:41 Fig. 5). In these beds Ostrea occurs
 ^ (continued)
internal stratigraphy of zone IV and fields convincing detail to interpret zone IV as having been formed by 
‘rapid dumping’ rather than gradual accumulation as suggested by the ‘homogenous nature of the midden horizon 
below’. A seriation of the rimsherd assemblage from the midden matrix of zone IV, located between the Ostrea 
deposits, has shown it to be earlier than that of zone I and that it possibly stems from a separate Early Lapita 
midden nearby (SS-XIV). Because the Ostrea layers cap oven M at site TO-Nk-2 and seem to be both fairly homoge­
neous and largely devoid of pottery, Green was in fact to some extent correct It seems that the material for 
the mound build-up of zone IV was scraped together from two sources, both former midden sites: One Early Lapita 
midden and a a homogeneous, non-pottery midden rich in Ostrea. This dumping must have taken place some time (of 
unknown duration) after oven M was used, i.e. after AD 410. We can only speculate about the date of the original 
Ostrea midden, but it seems unlikely to have predated AD 370, a date from site TO-Nk-15. My reasoning is as 
follows: sites TO-Nk-15 and TO-Nk-2 are fairly near to each other (approx. 1000 to 1100 m apart), the time 
interval between the sites is relatively short in calibrated 14C terms (40 years), no Ostrea shells were reco­
vered in the dated midden samples from TO-Nk-15 (‘dense midden layer’; cf. Excavation Report 11), but occurred 
in increasing frequency in the upper midden layers of that site postdating AD 370. An undated earth oven (hori­
zon IV) dug into the top of the TO-Nk-15 again shows no Ostrea shell. Thus we could tentatively assign the ace- 
ramic Ostrea shell dump at TO-Nk-2 to the period after the end of site TO-Nk-15 and before the construction of 
the burial mound at TO-Nk-2, which took place possibly during the 5th century AD
23) Churchward (1959:431) mentions sio in his dictionary as the rock oyster, but a compilation of shellfish 
utilised for common consumption by Fenn (1972) does not mention sio or Ostrea. Pulu (1981b) mentions sio, but 
gives no details.
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frequently, but on the whole, it is not a very common type of shellfish.24) It seems as if the Tongan 
collection strategy for Ostrea was to break them off the Axropora branches, and, if necessary, to 
bring the branch fragments home. Such a collection technique would damage both the reef organisms 
themselves and the reef environment as a whole, to an extent which can only be guessed at.25^
On the development of fishing technology
As discussed in chapter 3, the bulk of Early and Middle Lapita Period fishbone assemblages in Tonga 
and beyond reflects the utilisation of the lagoonal and reef resources. It has been argued by Kirch and 
Dye (1979) that over time the Lapita fishing technology improved and that in later sites offshore fish 
are also present. At first sight the Tongatapu case seems to attest to this. As can be seen from table 
3.27, some species are frequent in all periods, while others are less common, which may at least 
partially be due to taphonomic factors. The absence of Carangidae and Sphyraenidae from Early and 
Middle Lapita and Belonidae from Middle Lapita contexts, however, is very striking. While Belonidae 
are more open-sea fish, it has been noted in chapter 3 that both Sphyraenidae and Carangidae occur in 
the lagoon and cannot be used as an argument for offshore fishing.
Horticultural food
The increased clearance of vegetation in inland areas
Hand in hand with the expansion of settlement into inland areas, we can anticipate a continuous clear­
ing of primary forest vegetation and a turning of the land into gardens operated under swidden. We
24) It only rarely attaches to other corals, such as Porites, and to submerged beachrock or to Pleistocene 
limestone outcrops. All the Ostrea valves in the midden samples attached to substrate of any kind were attached 
to Acropora.
25) Such a collection strategy not only causes physical damage to the fragile Acropora corals, through tramp­
ling, but, by squashing the live organisms, it can also cause the organic coral tissue (mucus) to come off in 
long strings (Antonius 1977; Chesher 1985 for a Tongan case). It is an as yet ill understood phenomenon, why the 
death of one coral, giving off its organic tissue, causes neighbouring corals which come into contact with the 
tissue to react in the same manner (so-called shut-down reaction, or SDR). When corals are subjected to stress, 
such as during a very low tide, heavy rainfall or excessive siltation, such a process can be triggered off by 
the destruction of a single coral and can cause the catastrophic death of an entire coral bed. Chesher (1985) 
quotes an example from Vava’u, Tonga. Due to the high concentration of pathenogenic material in the water, 
shellfish are also known to die off. Thus it can be imagined that an extensive exploitation of Ostrea from Acro­
pora beds could have triggered SDR, which then caused the Ostrea resource to die off as well. Mass mortalities 
of marine life on coral reefs have been noted in Fiji (Cooper 1966) and Tongatapu (Raj et al. 1984), apparently 
caused by natural phenomena, such as excessively low tides.
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Figure 4.9: Charred remains of Aleurites moluccana from site TO-At-96.
can expect that increased clearance would have led to a higher surface run-off, which in turn may have 
resulted in increased siltation in the lagoon. Apart from the inland sites themselves, evidence for 
clearance, for example in the form of alluvial deposits, is not expectable for Tongatapu, given its 
overall flat character. On ’Eua, however, such a deposit has been interpreted as indicating forest 
clearing (see above). Assuming that all sites had an area of 1km radius around them, in which garde­
ning, procurement of wood and the like took place, then the minimum clearance of Tongatapu at the be­
ginning o f the Late Lapita Period would have been as shown in figure 3.33, that at the end as shown in 
figure 4.8.26) Further evidence for clearance is provided by the representation of large forest-dwel­
ling lizards (Brachylopus sp.)27), which are fairly common in the early layers of the Early Lapita 
site TO-Pe-5 (table 3.28), but are absent from later deposits. Nowadays this lizard species is unknown 
in Tonga.
’ It is obvious that such a graphic display is fraught with problems, given the incompleteness of the archaeo­
logical reconnaissance and the inaccuracy of the dating (see chapter 3).
27) Brachylopus sp. is reported from Tongatapu from TO-Pe-5 (table 3.28), where the femora(?) were apparently 
used to make beads (Bland & Reed 1987). Pregill & Dye (in press; Dye 1988) also report Brachylopus in Lapita 
deposits at the Tongoleleka site on Lifuka, Ha’apai Group. In both cases it appears that Tongans were 
responsible for its extinction, as both Gibbons (1981) and Gill (1987, 1988) report the absence of the species 
from Tonga. It should be noted, however, that the Polynesian rat is known to predate on lizard eggs and to 
decimate lizard populations (Whitaker 1973).
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Evidence for horticultural and arboricultural food
As for earlier periods (cf. chapter 3), direct evidence for any plant food is scarce. Charred remains 
of Aleurites moluccana were found at site TO-At-96 (fig. 4.8).28) Nor is there much circumstan­
tial evidence. The matter of pits has been discussed before (chapter 3) and need not be repeated 
here. As in earlier periods, there is evidence for nut-cracking stones (figure 3.24-3.26) during the 
Late Lapita Period (cf. SS-XVII). All these stones seem to have been made of the same type of gabbro- 
like rock, which is slightly different from that of the earth-oven stones.
Drinking water
An issue to be mentioned in the context of expanding settlement is the procurement of drinking water. 
While it is possible to make do with coconuts (a daily consumption of three nuts per person has been 
mentioned for cyclone-struck Tonga; Lewis 1979), larger numbers of people make necessary the availabi­
lity of drinking water. Due to the high permeability of the soil on Tongatapu, surface run-off is very 
limited and there are no streams. The supply of drinking water relies on the collection of rainwater 
and the tapping of the underground freshwater lens. The groundwater lens has scoured out solution 
channels at numerous places, through which there is natural discharge into the sea or the lagoon at 
low tide, commonly as very small-scale trickles of water. Heavy discharge is known at a few locations 
(figure 4.9) and it is not surprising that such places were used as habitation sites.29) Population 
movement inland, however, forced the people to adopt other teclmiques, such as the digging of wells 
(see chapter 10). This, however, is impractical in areas higher than 7 m above sea-level, as the coral 
limestone capping is too thick to be penetrated by wells dug in the traditional manner. Thus the pre-
Charred remains of Aleurites moluccana (Tongan: tuitui) may well give some indirect clue to the existence of 
barkcloth during Late Lapita times. In Tonga, Samoa and Fiji, candlenuts are burned to a very fine and fatty 
soot, which is ideal for the production of a black dye for the painting of barkcloth. Kraemer (1902: II 306) 
describes this process in great detail for Samoa, but the Tongan process is very similar (Tamahori 1963). The 
nuts are cooked in the earth oven for two days, then taken out and cracked. During this process it is possible 
for nuts to become charred. In addition to this, candlenuts were used in Western Polynesia as light source (ker­
nel), food (cooked kernel), dye for tattoos and face paint (soot), wood polish and as scent for coconut oil (oil 
from kernel). The nuts were cooked in the earth oven apparently only for food (which is a rare use) and the pro­
duction of soot (Kraemer 1902: I I75; 306; 376; Parham 1972:176; Tamahori 1963:54; Thaman 1976:378-379).
^Solution channels with large-scale groundwater discharge into the lagoon exist near the Early and Middle 
Lapita site TO-Pe-5 OPoulsen 1987: I 31) and the Late Lapita site TO-Pe-65 (fig. 4.10), which may belong to 
the Middle Lapita Period in its earliest layers.
Figure 4.10: Locations in the lagoon with known groundwater-discharge solution channels 
(After Pfeiffer & Stach [1972] and field surveys by the author)
Figure 4.11: Groundwater discharge (‘spring’) at the lagoon. The solution channel is situated about
50m from site TO-Pe-65.
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19th century population in such areas had to rely on rainwater collection for their water supply, 
which was a not very reliable source. In times of water shortage, this could be augmented by carrying 
in water from the wells near the shore, or by drinking green coconuts.
THE DEMISE OF POTTERY -
AN INDICATOR FOR SOCIAL AND CULTURAL CHANGE?
The end of pottery production in Tonga
There has been considerable discussion as to when pottery production ended on Tongatapu. In his revi­
sion of his 1967 conclusions on this matter, carried out in the light of the criticism by Groube 
(1971), Poulsen (1987: I 83) argues for a terminal date of AD 200-300. There is now evidence, however, 
suggesting pottery production, at least on one of the Tongan islands, as late as AD 900 (Niuatoputapu: 
Kirch pers. comm. 1986). The case for a later termination of pottery production has been strengthened 
by the discovery in the Cook Islands in contexts dating to AD 1000, of pottery sourced petrogra- 
phically the Tongan Group (Green pers. comm.). In addition, pottery of Tate’ (possibly 5lh-7lh cen­
tury AD) date has been found on ’Uvea (Frimigacci pers. comm.). Thus the matter of the persistence of 
pottery east of Fiji, raised by Poulsen (1967) in a different context, is again open for discussion.
The possibility of pottery production continuing to the very end of the first millennium AD would 
bring us to the beginning of the Tu’i Tonga dynasty, commonly attributed to AD 950 (e.g. Bott & Tavi 
1982). Therefore, the evidence provided by the pottery-bearing sites on Tongatapu needs to be 
scrutinised very carefully. The available late pottery dates are summarised in table 4.1. This table 
includes not only the dates for in situ primary associations of pottery, but all secondary 
associations as well, eg. pits dug into Lapita sites, thus displaying all available data.
The latest unequivocal date for a primary association of pottery is from site TO-Nk-15, where the 
bottom of the dense midden layer has been dated to the second half of the 4th century AD (ANU-6431). 
This layer is followed by two further layers of midden with pottery in decreasing density, indicating 
that pottery production may have continued for some time, possibly well into the 5th century AD.
The secondary association of the 15th and 16th centuries dates obtained by Poulsen for TO-Pe-1 and TO- 
Pe-5 has been discussed by himself and nothing can be added (1987:1 81-82). Two dates need to be
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addressed separately, as they marginally overlap at 1 <7 with ANU-6431 from site TO-Nk-15. Date NZ-635 
relates to oven M at site TO-Nk-2, which is stratigraphically clearly not related to the Lapta midden, 
but to the post-Lapita activities at the site Pculsen 1987: I 80-81). This also supported by the 
relative chronology of the pottery. The other date is NZ-637 which relates to oven B at TO-Pe-5. 
Poulsen (1987: I 34; 82) rejects the date as probably contaminated on the basis of the relative 
pottery chronology, although from stratigraphic reasons the oven appears well sealed. Although some 
lingering doubt as to validity of Poulsen’s rejection of NZ-637 remains in the light of the new date 
ANU-6431, I am inclined to accede to Poulsen’s claim. Since ANU-6431 is not a terminal date for the 
midden at TO-Nk-15, the possible acceptance of date NZ-637 does not substantially advance the 
chronological argument.
There are four other dates, however, which may shed chronological light on the cessation of pottery 
production on Tongatapu: ANU-6433, dating Gafrarium from site TO-Pe-24, ANU-6435 also dating 
Gafrarium, from midden site TO-Nu-47 and ANU-6454and ANU-6609 from pit TO-Pe-71, dating charcoal 
and Gafrarium respectively.
ANU-6433 (1 a  AD 664-784) dates a shell layer of site TO-Pe-24 (horizon II), which overlies a thin 
layer of clean sand, which in turn overlies another midden layer (horizon I). While horizon II con­
tains 1.8 g of pottery, horizon I contains 8.8 g. The topmost horizon (IV) contains the highest con­
centration of sherds (64.3 g; cf. table ER-18.1). The small scale of the excavation (0.5 by 0.5 m 
test pit) made it impossible to decide whether the very limited amount of pottery recovered from 
layers II and III was in situ or in secondary deposition from below. Given the small amount of pot­
tery in the layer, it is safer to consider the pottery to be in secondary deposition, until proven 
otherwise by a large-scale excavation.30)
 ^ This conclusion is supported by the fact that some of the soil layers separating the midden 
horizons are sterile and appear to be clayey. Clayey soils, however, do not occur naturally on the 
beachridge on which the site is located. As will be argued in chapter 8, there is reason to believe 
that the site is in fact a house mound.
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Much the same applies to ANU-6435 ( l a  AD 683-882), which dates a midden deposit (TO-Nu-47) at Hofoa, 
some 3 km northwest of Nuku’alofa at the shoreline of a former embayment (Sopu lagoon). Again there 
are very few sherds in the midden. In addition, the entire surface of the site has a very thin spread 
of pottery.
A third example is a seemingly isolated pit, site TO-Pe-71, which was cut by road construction between 
Koloua and Havelulotu. This pit, which is located at an old shoreline, yielded a handful of sherds in 
a midden matrix. Two 14C-dates were run, one on charcoal (ANU- 6454) and one on Gafrarium shells 
(ANU-6603). While the charcoal dated 99.7 + 1.8% modem (i.e. early 20th century), the shell returned 
an age of 1030 + 70 BP*. The charcoal appeared to be in primary deposition in the pit, but, given the 
modem date, the presence of pottery, as well as the overall size of the Gafrarium, warranted the da­
ting of the shells themselves. In general, the association of pottery and shell in pits can be consi­
dered to be more reliable than in open middens, unless the pits were dug into existing middens, which 
did not seem to be the case at site TO-Pe-71. The sherds, however, have rounded edges and show signs 
of wear, suggesting that they were not in pristine condition when incorporated in the pit fill, but 
had been lying on the surface for some time. Therefore no strong case can be made for the association 
of the dated shells with the pottery.
In summary, the last equivocal date for pottery on Tongatapu is the late 4th century AD, given by ANU- 
6431 for site TO-Nk-15. The case for primary association with pottery of other dates discussed above, 
some as late as the 10th century AD, however, appears to be doubtful. Since ANU- 
6431 is not a teiminal date for the midden at TO-Nk-15, it seems reasonable to assume an end of 
pottery production sometime during the 5th century AD.31)
31) However, the situation can be complicated by the fact that pottery, though in use, may not be expected at 
some kinds of site, particularly if its production is declining overall and taking place at some places and 
not at others. In this connection, I point to the islet of Pangaimotu, where the earliest definite date for 
human activity comes from a fireplace underneath the earliest layer of house mound TO-Pi-6. Dating to the late 
first century AD (ANU-6427), the fireplace falls well within the pottery period, but within a radius of 100m around 
the site only three small potsherds were found, in possibly secondary context
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Models for the demise of pottery production
Having discussed the chronological framework for the cessation of pottery production on Tonga, I turn 
now to the underlying reasons for this phenomenon. There has been much speculation about the demise of 
pottery on some Pacific islands, while it continued on other. Apart from limited amounts of imported 
pottery on Tonga (chapter 9) and possibly Samoa (Best 1988), pottery usage and certainly pottery pro­
duction had been forgotten by the time European visitors reached Western Polynesia. The disappearance 
o f pottery from the archaeological record here has been documented for Tonga, Samoa, ’Uvea, Futuna and 
Niuatoputapu32^  (Kirch 1976; 1978; Green 1974a; Frimigacci pers. comm.). In the instances where the 
pottery development has been studied in detail, i.e. Tonga and Samoa, it has been shown that the demise 
of pottery was gradual (Poulsen 1987; I 84-85; Smith 1976; Holmer 1980b). The trend is expressed as 
less and less complicated decoration, simplification of vessel shapes and the deterioration of 
technology. In Fiji, where a similar trend can be observed (Hunt 1980), pottery production picks up 
again and continues until the present day. Various models have been advanced to explain why pottery 
was given up. They fall into three broad categories, technological, utilitarian, and social.
Technological models
Claridge (1984), basing himself on his analysis of and experimentation with Western Polynesian clays 
to produce bricks for house building (Claridge & Percival 1980; Claridge & Dale 1982), concludes that 
production of pottery in Western Polynesia, and especially in Tonga, was seriously impeded by the un­
suitability of the clays without the addition of volcanic temper; which in the case of Tonga had to be 
imported from the volcanic islands to the large and well-populated coral-limestone islands. He argues 
that the demise of pottery occurred because ‘it was considered not economic to manufacture articles 
with considerable effort [i.e. importing temper sands], many of which were of limited use because of 
their fragility’ (Claridge 1984). His concept, however, does not explain why it took the Tongans well 
over 1000 years to come to this conclusion and why the Samoans, who had more suitable temper sources,
32) In small quantities undecorated pottery has also been recorded from early deposits in the Marquesas (Hane 
Dune site, dated to the 2n century BC Suggs 1961:60-65; Kirch 1984:73; but AD 300 according to Sinoto 1979) and 
the Cooks (Green pers. comm.). At least some of the Marquesan vessels apparently came directly from Fiji, as 
indicated by the temper analyses conducted by Dickinson & Shutler (1974).
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did not continue to pot. Although in itself an insufficient explanation, the technological and logis­
tical problems encountered in the production process of Tongan pottery may have been a compounding 
factor in the abandonment of pottery in the Tongan Group.33)
Irwin (1981) has put forward a more complex model. He assumes that the initial settlers of Eastern 
Polynesia, coming from Western Polynesia, brought pottery with them, but either took no potters along 
or found unsuitable or inappropriate clays. Once the settlers had learnt to cope without pottery, the 
new cultural practices spread back to Western Polynesia and were adopted there.
Utilitarian models
Leach (1982) points out that the common Polynesian foods consist of root crops, the common cooking 
technique for which involves steaming the food in the earth oven. On a world scale, pottery is most 
commonly used for the cooking and storage of grains. As the Polynesians did not have grain crops and 
since root crops were either stored underground or were fermented, pottery for storage was not re­
quired. Leach argues that over time the increased utilisation of earth ovens and fermentation pits 
made pottery obsolete. Although this model introduces a new utilitarian aspect in the discussion, it 
does not explain the loss entirely, as the early Lapita people did not have grains and thus had no 
need for pots either.
In his famous paper, Tonga, Lapita Pottery and Polynesian Origins, Groube (1971) put forward several 
models, one of which saw the Lapita people, with a heavily sea- and shore-based subsistence economy, 
as ‘strandloopers’ who migrated ahead of agriculturalists. It was basic to Groube’s case that the 
shell middens ‘appear to have stopped at virtually the same time that pottery ceased to be used’ 
(ibid. 310). This has been challenged by Green (1972), who correctly argues that shellfish dumping 
continued (but see below).
33\
However, even though volcanic tempers may not be available on the larger limestone islands, pottery of 
inferior quality can be made with temper from calcareous sands. In this case salt water needs to be added (Rye 1976).
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It has been proposed by the author (Spennemann 1983; 1984; in press a34)) that the loss of pottery in 
Tonga and Samoa was connected with a substantial change in the lifestyle of the Lapita people. The 
argument is that the demise of pottery, the abandonment of shell-midden dumping on a large scale and 
the movement of settlement inland are all part and parcel of a process of cultural change from a 
predominantly marine-oriented subsistence to a predominantly horticulturally-based economy.
Social models
On the basis of a detailed ethnographic comparison, Marshall (1985) has fully documented the common 
assumption that Lapita pottery was made by women and shows that where in Oceania potting was an 
avenue to social status, potters were always men. She argues that Lapita pottery was a trade item 
and that with the collapse of the trade networks, the production of pots ceased. Since pottery was not 
connected with social status, it was given up in most places. On a world scale, pottery production is 
predominantly a female enterprise, except where pottery has a ritual as opposed to a functional con­
text or in industrialized or semi-industrialised societies (c/. compilation in Smolla 1960:42-44). 
While such ethnographic analysis may help the assessment of gender roles in Lapita society by analogy, 
it does not permit any conclusions on the social fabric of the Lapita culture. Marshall’s argument is 
even less convincing, given that the social standing of women is actually higher in those areas where 
potting was given up, such as Samoa and Tonga, and lower, where potting continued, such as Fiji. 
Were her model true, one would have expected the reverse.
Kaeppler (1983) suggests on the basis of a few Fijian vessels (sherds) imported to Ha’apai that 
pottery in Tonga during the last 2000 years played a social role and that its demise was connected with 
the rise of hierarchy in Tongan society. In her view, pottery had initially been used by everyone but 
over time it became tied to chiefly status and its manufacture a chiefly enterprise, not maintained by 
the wider populace. Eventually pottery became so specialised that its manufacture was given up and the 
demand met by imports (from Fiji). This model may provide some interpretation of the role of pottery 
in classical Tonga, but does little to explain why as a utility item pottery fell out of wider use in
34’> In the Festschrift for Guenter Smolla, which was supposed to be published in 1984 (Ms. submitted in 1982).
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Table 4.10: Compilation of factors relating to the production of pottery in Western Polynesia and beyond.
Trait. Fiji Samoa ' Uvea Futuna NTT TBU Niue Ma r q u . Cooks
shell middens yes yes yes yes yes yes yes yes yes
prehistoric
pottery yes yes yes yes yes yes no yes yes
suitable
volcanic temper yes yes yes yes no no no no no (?)
prehist. calcareous 
tempered ware yes yes yes yes yes yes no yes yes
decrease in
ornamentation yes yes yes yes yes yes no no (*) no (*)
modern pottery yes no no no no no no no no
women higher
m  rank no yes yes yes yes yes yes yes yes
pottery made
by women yes ? ? ? ? ? ? ? ?
Abbreviations: Marqu. - Marquesas; NTT- Niuatoputapu. TBU- Tongatapu. Notes: (*) - undecorated ware only.
the first place. If pottery had played an important role in the culinary domain of the Lapita society, 
then the evolution of a hierarchical society should have seen the evolution of a specialised table 
ware as opposed to a common, and commoners’, ware, like the use of china as opposed to earthen­
ware in 18th century Europe. In fact, the opposite was the case, the display ware disappearing first 
(Poulsen 1987: I 84; 116). Following Kaeppler’s logic, we should have to presume that the Tongans tur­
ned egalitarian on their way to social hierachy.
Le Moine (1987) has advanced a model by which pottery went out of use basically 
because the need for pottery as part of the Polynesian technological tool complex was no more fulfil-
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led. She sees the loss of pottery as a conglomerate of various factors: in the context of a variety of 
efficient cooking and food-preser/ation techniques pottery was not needed; the decline of pottery goes 
hand in hand with a presumed intensification of horticulture; potting was not a high-status craft con­
ducted on a full-time basis as an alternative to gardening; and lastly the environmental circumstances 
of the Western Polynesian islands with the unsuitabiltity of clay sources and the problems in procu­
ring temper acted as a compounding factor. Some points arise. While her model makes use of bits and 
pieces of other models, it does not explain why the Lapita people produced pottery in the first place, 
unless one invokes a dramatic cultural change from a grain-growing agricultural society to a horticul­
tural one. In addition, the presence of earth ovens is attested from early on, and the floral assem­
blages of both Lapita (what is known of it; cf. Kirch 1988b; 1988c) and Polynesians are characterised 
by the absence of plants which are propagated by seeds.
The above models for the demise of pottery are simplistic. That pottery continued to be produced in 
Fiji constitutes one of the stumbling blocks in any of them. In addition, given the different circum­
stances of the five island areas of Western Polynesia, it may be that a uniform approach covering all 
islands is misleading. It seems rather that the end of pottery production in Western Polynesia was a 
gradual phenomenon and happened at various times in different places. It is also of interest that pot­
tery was brought from the Western Polynesian triangle to Vaitupu, Tuvalu (undated; Takayama et al. 
1987), the Tokelaus (undated; Best 1988) and the Marquesas (Dickinson & Shutler 1979a; 1979b) either 
as early the 2nd century BC (Suggs 1961:60-65; Kirch 1984:73) or as late sometime in the 3rd or 4th 
century AD (Sinoto 1979), while Niue, a small raised coral island NNE of Tongatapu, was settled in the 
2nd century AD apparently without pottery .35)The terminal dates for pottery occurrence are summarised below:
Samoa:
Tongatapu:
Marquesas:
’Uvea:
Niuatoputapu:
Cooks:
Vaitupu, Tuvalu 
Tokelau
-  200 (500?) AD 
-4 0 0  AD 
-4 0 0  AD (?) 
-  700 AD (?)
-9 0 0  AD 
-  1000 AD (?)
undated
undated
Fiji: pottery continues
Niue: -  200 AD (settled, never had pottery)
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Towards a new and integrated model for Tonga
In the light of the above, it seems more appropriate at present to provide local models, upon which a 
future general model can be built. In keeping with this I will attempt to provide a model for Tonga, 
and more specifically for Tongatapu. Let us look at the development of pottery in a diachronic 
perspective.
Poulsen (1987: I 129), identified three distinct trends in the development of Tongatapu pottery from 
the initial settlement onwards:
1) the incidence of decorated pottery declines, from a very rich decoration at the beginning 
to undecorated pottery in the final phases
2) the complexity of ornamentation decreases
3) the elaboration and variety of vessel shapes is reduced.
It is in these trends that part of the explanation lies and it is beyond doubt that the trends identi­
fied by Poulsen can be interpreted in a social framework. It is possible that decorated pottery acted 
as a group identifier between individual new scattered settlements and between them and their mother 
communities. We can anticipate, however, that the need for continued overseas contacts dimished some­
what after the initial settlement phase. Population growth on an individual island, together with the 
settlement of neighbouring islands and the subsequent growth of populations there, provided a suffi­
ciently large pool for social, marital and emotional/intellectual interactions. Thus the decrease in 
pottery decoration would mean a decreased need for it, as long distance inter-group connection de­
clined. The analysis of pottery decoration (Green 1979; Best 1984; Anson 1986; Sharp 1988) has in fact 
shown that in the initial stages of Lapita expansion the decoration is very similar over wide areas 
and that over time its inter-regional connectedness declined and its very occurrence became less. It 
seems as if pottery as a carrier of decoration, of meaningful motifs, had become unimportant. However, 
we have to separate the role of pottery decoration from the role of pottery as a utilitarian object.
35^  A shell midden has been dated to 1830 + 40 BP (NZ-729). The date taken from Groube (1971:304) and has not 
been adjusted as the other NZ dates on Tongan material (cf. SS-XII for details). A calibration, which should be 
treated with some caution, gives an age somewhere in the 2nd century AD. To date no pottery has been reported 
from Niue. Since it was settled from Tonga or Samoa, this would again indicate that pottery production ceased at 
different times. See also Trotter (1979).
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What the changes in pottery decoration and vessel shape represent, as Poulsen (1987: I 129) has 
pointed out, is the decline of tableware, side by side with the persistence of cooking and storage 
vessels. This line of interpretation points to a reduction in the social importance of pottery, as 
previously represented by its role in display. If, however, the decline of decorated pottery is due 
to social changes, while the utilitarian aspect of undecorated pottery is maintained, then the causes 
for the loss of pottery itself have to be separated from those for the loss of decoration, although 
both appear to be related in the first place.
Let us test this apparent nexus. If the decline in decoration and in pottery production itself were 
causally correlated, then we would expect a linear development leading from one extreme to the other. 
The relative pottery chronology advanced by Poulsen (1987: I 84-85; cf. chapter 3) shows an almost 
linear trend, supporting this argument. We should, however, keep in mind that the pottery chronology 
is based on a seriation which provides linear trends. We should consider at this point in the argument 
the evidence provided by the absolute time scale. On present evidence, the Lapita Period on Tongatapu 
lasted from ~ 900 BC to ~ AD 400. If we divide this period into two parts, in one with decorated pot­
tery (Early and Middle Lapita) and in one with undecorated wares (Late Lapita), then 500 years of 
decoration (900-400 BC) stand against 800 years of no decoration.
In fact, the 14C dates provide further proof for the argument that an increase in local population 
leads to a decrease in the need for overseas contacts, and thus for group identifiers, such as decora­
ted pottery. Conformably with this model, the l4C dates show that there are very few Early Lapita 
sites (with highly decorated ware), some Middle Lapita sites and a very large number of Late Lapita 
sites (with largely undecorated pottery). The site data derived from relative pottery sequencing 
(tables 3.15-3.16) repeat this observation.
Having separated the decline in decoration from the decline in pottery itself and presented a hypo­
thesis to explain the first, we now have to provide a hypothesis that explains the loss of pottery 
altogether. I have argued that the function of pottery has been reduced from the social sphere to the 
kitchen sphere, to a function as cooking and, possibly, storage vessels. If, further, there is a sub-
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stantial change in the kitchen sphere, because of changes in cooking methods, pottery as a whole 
may become obsolete, or ritualised. Let us assess whether the archaeological record provides any evi­
dence to support this hypothesis.
As indicated above, Groube (1971) pointed to a close connection between the occurrence of pottery’ and 
large-scale midden dumping. Green (1972), however, has argued correctly that shell midden accumulation 
continued after the end of the pottery period. Proof of this is provided by various sites36) However, 
in the entire H a’ateiho transect only six shell middens/scatters were encountered in the zone further 
inland than 500m from the lagoonal shore. Two of these have been dated. One (TO-At-96) is a 4th cen­
tury BC shell midden, while the other (TO-At-90) is a 13th century AD shell scatter. The scattered 
pottery sites in the inland areas (figure 4.2) are sites devoid o f shells. On the grounds of the Agri­
cultural Research Farm at Vaini three undated shell scatters without pottery have been found (TO-Be- 
31, TO-Be-40, TO-Be-43), all located about 2.5 km from the nearest lagoonal shore. Thus, it seems that 
the inland population either commonly did not consume shellfish, or if they did, they did so at the shore.
We can propose the following. A Lapita population, partly reliant on lagoonal resources, namely fish 
and shellfish, moves into the interior, nearer to the gardens. They keep up a mixed marine and ter­
restrial diet, as is evidenced by site TO-At-96. Over time, more people move inland, and become more or 
entirely reliant on a terrestrial, that is a horticultural diet, while shellfish consumption continues 
at the shores. Given the adverse geochemical conditions for the survival of small bones in the tephra- 
derived soils, the lack of fishbones in the excavations of the Veitongo mound group (cf. chapter 10) 
can mean either that no fish were brought inland, or that the bones have not survived. However that 
may be, there are clear and importnat differences between site TO-At-96 and the contemporary or later 
coastal sites TO-Nk-15 and TO-Pi-7: supplementary, snack-type, food items, such as sea urchins an chi­
tons, are not represented at the inland site, while the variety of shellfish species is more limited.
36^  TO-At-1 0 0 th century AD; Davidson 1969:259; date potentially unreliable [Kigoshi, pers. comm.]); TO-At-30 
(ANU-5717;7™ century AD); TO-At-90 (ANU-5722; 13 century AD); TO-Pe-70(ANU-6453; 13th century AD); and, if 
the conclusion is correct that the pottery in these sites is not in primary association with the shells, also 
sites TOrNu-47(ANU-6435; 10th century AD), TO-Pe-24 (horizon II, ANU-6433; 6th century AD) and TO-Pe-71 (ANU- 
6609; 901 century AD).
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Apparently, a conscientious selection took place as to which food items were taken inland and which 
were not. in the light of all this, we can propose that the functional role of pottery was in some way 
connected with shellfish consumption on a large scale. Pottery seems to continue on those sites where 
shellfish dumping continues on a large scale, while it is abandoned or very sparse where no shell­
fish is consumed. If, in addition, pottery usage was tied to a particular food-preparation technique, 
i.e. the opening of shellfish in boiling water, then we can assume that the Late Lapita coastal sites, 
with a marine-based subsistence, would have had greater amounts of pottery than contemporary, horti- 
culturally based inland sites. This is in fact the case.37)
It is obviously difficult to prove that in its later, functional phases, pottery was predominantly 
used to open shellfish in boiling water.38) We can approach this question by way of the observation 
that the opening of shellfish in an earth oven would result in at least a small number of scorched, 
charred or burnt shells. Opening shells in an open fire would result in an even larger number of such 
shells.39) The author’s observations at the Late Lapita shell middens TO-Nk-15 and TO-At-96, as well 
as during the surface investigation of site TO-Pe-65, another Late Lapita shell midden, have establi­
shed that none o f the shells showed any sign of fire. The contents of pit TO-Pe-71, dating to the 9th 
century AD, however, contained a few burnt Gafrarium shells (1.1% ). The same applies to a 13th cen­
tury AD pit at site TO-At-30, which had a minimal amount of burnt Gafrarium  and Quidinipagus (Table 
4.11). A high percentage of burnt shells was encountered at site TO-At-85 (25%). The limited evidence 
for burning in Lapita contexts, therefore, seems to indicate that boiling shellfish in water may in 
fact have been one of the prime uses of pottery.4^
37) AJ1 inland pottery scatters in the Ha’ateiho transsect without shells haye an approximate sherd density of 
l/50m -l/100m , while Late Lapita sites have a sherd density between 5.5/m“ (such as site TO-Pe-65; cf. Sampling 
Report 4) and l/5m (such as TO-Nk-15).
Especially as cooking is quite possible without pottery. In Micronesia cooking was frequently done in large 
helmet shells (Cassis cornuta) (Carolines: Finsch 1914:127; Lamotrek: Kraemer 1937:41); cooking in bamboo and 
wooden vessels is also very common (cf Smolla 1960:24 for compilation).
39) Caused by the carbonisation of the conchiolin in the exoskeleton (cf SS-VI). Boiled shells, however, do not 
show any macroscopically visible physical change.
A f \ \
’ Some other indication for vessel use comes from the Early Lapita site at Natunuku, Fiji, where chemical re­
sidue analysis (Hill et al. 1985) shows that most of the vessels analysed had held some sort of coconut- or 
other palm-oil type. One vessel had traces of fatty acids from fish (or shellfish?).
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Another factor to be considered in this context, as suggested by Claridge (1984), is the manufacturing 
process o f pottery in Tonga. In order to produce pottery of any good quality in terms of hardness and 
porosity, i.e. which will not break easily and will hold water, the temper material used has to be of 
volcanic origin. Calcite sands are inadequate, as the vessels cannot be fired above 700°C, at which 
temperature the calcium carbonate turns into quicklime.41) In addition, the use of such vessels on 
open fires is restricted, as these fires can reach temperatures in excess of 700°C. Igneous sand 
tempers had to be obtained for Tongatapu pottery from the small volcanic islands to the west of the 
coral-limestone island chain. While this may not have been a major problem in times when the 
population size and the demand for pottery and therefore temper sands were small, it would almost 
certainly have become a problem at the time of population increase, i.e. the time when settlements was 
moving inland.42) If the need for pottery was only marginal at this time, it can be imagined that the 
increasing requirement for temper sand could have led to the abandonment of pottery altogether.
BURIAL CUSTOMS
As discussed in chapter 3, burials of the Lapita culture are rare throughout the Pacific: for
Tongatapu a single Lapita burial, possible deriving from Middle Lapita contexts, is known from site
TO-Pe-1 and a large number of human bones has been encountered in various other sites. Poulsen (1987:1
248-251) has discussed the issue of isolated human bones in middens and advanced the theory that these
are the remains of anthropophagy. As I have argued in chapter 3, I believe that these bones may well
stem be disturbed burials as the apparent differential representation of anatomical elements may be
41j At a temperature well above 600°C (Palmer & Williams 1977) with shell, and between 750°C and 850°C (Tite 
1972:229) or above 900°C (Goffer 1980:105) in the case of limestone, the calcite oxidises with the emission of 
carbon dioxide to calcium oxide or quicklime (CaCO — > CaO + CO T). In this state the shell can be expected to 
be very fragile and prone to mechanical damage. With the addition or water, from humidity or rain, the quicklime 
turns into slaked lime (CaO + H00 — > Ca[OH]0) (see also SS-VI). This theoretical conclusion has been documented 
experimentally. Firing experiments with bricks Tnade from Tongan clays and tempered with calcareous sands broke 
up at a firing temperature of 750°C and above (600, 750 and 900°C were tested), as the coral sand turned into 
lime and the hydrating lime expanded (T>ye 1988:238). Calcareous sand temper can be used to make low-fired, but 
suitable, water containers etc., provided they are afterwards coated with resin, a practice common in Fiji. 
Raisin-coated vessels, however, cannot be placed on the fire.
4'" ') To quantify these assertions, let us calculate the amount of temper sand needed, based on a rough estimate 
of 25% (10%) temper sands (by weight) in the pottery. Poulsen (1987: I 137) calculated that his sites contained 
the following amounts of pottery: TO-Pe-1: ~10 tons; TO-Nk-2: 2.25 tons; TO-Pe-5: 3 tons and TO-Pe-6 :3.5 tons. 
This leads to the conclusion that 2.5 tons (1 ton) of temper sand were needed for site TO-Pe-1 alone.
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Table 4.11: Occurrence of burnt shells in midden samples (fireplaces excluded).
S a m p l e S p e c i e s U n b u r n t B u r n t % m e t h o d D a t e
T O - M u - 2 A l l  s h e l l s 1 5 6 4 . 8 1 1 . 3 0 . 7 2 w e i g h t B C  3 9 5
T O - N u - 8 A l l  s h e l l s 2 1 7 0 . 2 6.2 0 . 2 9 w e i g h t B C  3 7 6
T O - A t - 3 0 A l l  s h e l l s 7 6 2 2 . 4 5 5 . 2 0. 7 2 w e i g h t A D  6 6 6
T O - P e - 7 1 G a f r a r i u m 1 8 5 7 . 9 2 0 . 0 0 . 1 1 w e i g h t A D  1 0 0 7
T O - V i - 1 A l l  s h e l l s 2 0 6 4 . 9 1 8 3 . 6 8. 8 9 w e i g h t u n d a t e d
T O - A t - 8 5 G a f r a r i u m 3 1 6 . 6 1 0 6 . 4 2 5 . 0 4 w e i g h t A D  1 4 2 5
due to recognition and recovery bias. Human bones are particularly common in site TO-Pe-6. No Late 
Lapita burials are known from Poulsen’s sites, nor from any sites excavated during my own field 
seasons. The shell midden of the Late Lapita inland site TO-At-96 is covered by a layer of upcast 
subsoil about 0.5 to 0.6 m in thickness, in which burials of at least two adults and one child were 
made. In contrast to the the traditional Tongan custom of burial in coral sand (c/. chapter 8), these 
bodies were interred in plain soil. If burial in earth was the early practice (c/. the Middle Lapita 
burial at TO-Pe-1, chapter 3), a profound change obviously took place at some stage of post-ceramic 
Tongan prehistory.
THE SOCIAL ORGANISATION OF THE LATE LAPITA PEOPLE 
Intra-site variation
Only two sites (TO-Pe-6, TO-Pe-65) have been sufficiently sampled that intra-site variation can be 
assessed. Poulsen (1987: I 160) discusses spatial differentiation within site TO-Pe-6 and argues that 
the excavated area represents a living surface rather than a midden-dumping area during horizon I 
times. A plot of all items of a personal nature (Poulsen’s class 5 artefacts = ornaments), which in 
chapter 3 I have suggested to be possible indicators of rank or status in society, produced no 
clustering or clear-cut spatial pattern within the site.
The extensively sampled site TO-Pe-65 allowed plots of shellfish distribution, pottery density and 
overall midden density (Sampling Report 4). The midden density shows an oval-shaped concentration
Chapter 4: The big transformation » 216
running at right angles to the shoreline, while the distributions of some shellfish species are 
parallelel to the shore. The picture is of midden dumping shifting over time but with no socially 
interpretable spatial differentiation.
Intra-Tongatapu relations
The distribution map of pottery sites across the island (figure 4.2) does not provide any data on 
inter-site relations. However, it should be noted that the closure of the former lagoonal entrance at 
Nuku’alofa posed inconveniences for navigation, requiring canoes from the Pea area to take a long 
detour to reach the open sea. This in turn may have had consequences for the location of any ‘harbour’ 
facilities that may have been needed for long-distance voyaging canoes.
Overseas contacts
Two of the six analysed stone adzes mentioned previously in chapter 3 (White 1967; 1987) were of alka­
line basalts, which commonly occur in ’Uvea or Samoa, indicating some medium-range exchange between 
Tongatapu and these groups. Both adzes come from site TO-Pe-6 and can be considered as Late Lapita. 
Thus, overseas contacts did not cease after the initial colonisation. Some further evidence for over­
seas contacts comes from the analysis of pottery tempers. Key (1987) found that a sherd from TO- 
Pe-6 (To.6/2257) contained gabbro as a temper material, the source of which may be in the Fijian Group 
(cf. Poulsen 1987; I 135 for discussion).
OVERALL TRENDS
The decrease and demise of pottery have already been discussed in terms of a two-part explanation; the 
disappearance of decoration due to less need for regional group identity, and the abandonment of 
pottery itself due to a change in dietary habits when shellfish consumption decreased. The explanation 
does not involve factors of developing social hierarchy, such as proposed by Kaeppler (1978).
It was noted in chapter 3 that the number and density of personal items was less in the Late compared 
to the Early Lapita Period. This parallels the decrease in pottery decoration and pottery manufacture. 
Another aspect also needs consideration. Green (1974a), discussing the development of the Polynesian
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adze kit, shows that Western Polynesian adzes developed from Lapita adzes. The majority of Tongan 
adzes in the museum collections are Green and Davidson type IV and VI. These are characterised by a 
trapezoidal cross-section with a well-ground front and bevel, while the sides and the back are badly 
ground. In stark contrast, the adzes encountered in the Lapita layers are of lenticular, oval or 
plano-convex cross-section, are all well ground, and some polished, and show on the whole a much 
higher level of workmanship. It can be assumed that both types were satisfactory in functional terms. 
Whatever the reason for the change in finish, we again see a tendency for reduced effort in 
workmanship. One might think that such a reduction in effort, visible in the pottery, the stone adzes 
and the personal ornaments would be compensated for somewhere else. To date, nothing in the 
archaeological record suggests where the energy went.
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A LOOK BACK AND A LOOK AHEAD I 
Looking back
In the foregoing four chapters I have set out the environmental conditions which the first settlers of 
Tongatapu encountered. I have described the cultural and social background from which they came, and 
the settlement and subsistence patterns they employed during the initial colonisation period, as well 
as in the centuries thereof ter. I have discussed the phenomenon of the loss of pottery in the context 
of substantial changes in the economic basis at the end of the pottery period. I now take the 
opportunity to sum up what has been said, before I set out investigate and to describe the development 
of the Tongan social system out o f the Lapita situation.
During the Holocene Tongatapu was subject to substantial changes in relative sea-level. A former open 
bay studded with islands became largely blocked off from the sea and an extensive enclosed lagoon was 
formed. This process was in motion when the first settlers arrived and they had to adapt to subsequent 
changes. They are likely to have come from one of the Fijian islands, possibly somewhere in the Lau 
Group, and belonged to the Lapita cultural complex, which has its archaeologically visible roots 
somewhere in the western Melanesian region. The Lapita people, speaking an Austronesian language, were 
horticulturalists, who brought with them a large variety of tended plants and animals to the new land: 
a case has been made that they may have been responsible for the intentional introduction of animals 
and plants nowadays considered ‘w ild . They were opportunistic foragers, who, during the time that 
domesticated animal populations were built up, heavily utilised natural resources. It has been 
proposed that they were responsible for the extinction of several birds, as well as the reduction of 
turtle and lizard communities on Tongatapu. They were capable navigators and seafarers, who 
maintained, at least during the initial phases of settlement, close contact with overseas communities, 
possibly the settlements from which they had set sail. On Tongatapu they settled along the inner 
Lagoon, which provided at the same time the only protected harbour and the possibility of establishing 
a land-based settlement.
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The earliest 14 C dates indicate that Tongatapu was settled possibly already settled by the 13lh, but 
certainly by the 9th century BC. During the pottery-producing period the pottery underwent some 
dramatic changes: the overall amount of decorated pottery decreased, along with the extent and 
elaborateness of the decoration and the complexity of the motifs, while there was a trend towards 
simpler vessel forms and a decline in the standards of pottery manufacture. The demise of heavily 
decorated pottery is seen as indicative of a lessened need for group identity with the other Lapita 
settlements in the ‘homeland’  areas, indicating that Tonga was ‘coming of age'.
These developments in the pottery, though they appear to be gradual and without any clear-cut steps or 
phases, nevertheless allow the tentative fixation of sites in time. It has been shown that the people 
of Tongatapu extended their initial settlement area at the lagoonal shores by first occupying a 
similar ecological niche along the flat northwestern shore (during Middle Lapita times) and then 
towards the more cliffy northeastern shore and into the inland areas (by about the 4th century BC). 
This inland push was most probably due to the expansion of the gardened areas with the growth of 
population. By the time of Christ evidence exists to suggest a movement towards offshore islets.
From the earliest sites onwards evidence exists for earth ovens and storage pits, the latter probably 
used for food fermentation.
By the end of the pottery period most, if not all, of Tongatapu had been settled. Pottery finds have 
been recorded from all points of the island where detailed survey work has been undertaken. With a few  
exceptions, none of these pottery occurrences, which as a rule are fairly thin scatters, was asso­
ciated with shellfish dumping. It has been argued that pottery production and use and the consumption 
of shellfish are interconnected and that the demise of pottery came about as a result of a profound 
change in subsistence patterns, from a heavy reliance on shellfishing with a small (?) horticultural 
component to an almost total reliance on horticulturally produced foods. The pottery period seems 
likely to have come to an end by about 400-500 AD, but in the inland areas of Tongatapu possibly even 
earlier. In the island-wide, horticulturally based settlement that had been established by the end of 
the pottery period, no village clustering is in evidence.
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By about AD 200 at the very latest, the final closure of the former lagoonal entrance at Nukualofa 
not only caused the extinction of Anadara shellfish, one of the main food supplies in earlier times, 
but also created logistical problems for intra- and inter-island transport, as all canoes now had to 
pass through the Mu’a sector. It can be assumed that as a consequence the Mu a pocket of Fanga ’Uta 
lagoon gained in importance at the expense of the Pea/Ha’ateiho area, which shows the largest 
concentration of early, pottery-bearing sites.
The available archaeological evidence does not permit us to determine the nature o f the social system of 
the Tongatapu population. There are no indications of the existence of social stratification or the 
development o f hierarchy.
Looking ahead
By the time the early Europeans visitors arrived, Tongan society was very complex and highly 
stratified, structured around the principles of social and societal rank (see Appendix 1). While 
societal rank defines the relationships within a kin group, i.e. its genealogical rank, social rank 
defines the relationships o f individuals within the society as a whole.
On the societal level, Tongan society consisted of a four-tiered hierarchy, presided over by the paramount 
chief, the Tu’i Tonga, fulfilling the functions of a sacral ruler. On the political and administrative 
side, Tonga was run by the Tu’i Kanokupolu and the Tu’i Ha’atakalaua, both highest-ranking chiefs, 
derived by collateral split o f ramages from the Tu’i Tonga. On a lower level there were the chiefs, 
hou’eiki, who administered large sections o f the Tongan population, the kainga, and who where obliged 
to provide offerings to the three Tu’i. Each hou’eiki controlled several matapule who administered 
sub-sections of the kainga. Apart from the popula (slaves), the lowest level of Tongan society 
comprised the commoners (tu’a) who gardened the land. The status of the highest-ranking chiefs 
manifested itself visually in form of large slab-faced monuments, on Tongatapu concentrated at a 
handful o f locations.
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The aim in the following chapters is to describe the archaeological manifestation of this chiefly so­
ciety and to attempt to provide both chronological and societal parameters within which this manifes­
tation took place, as a basis for considering the genesis and development o f Tongan society as a 
whole. The archaeological data available to address these questions fall into three parts: subsis­
tence data, unfaced earth mounds and slab-faced monuments. All three sets are investigated in turn.
My immediate task over the next three chapters is to look at some features of subsistence and demo­
graphy basic to my purposes. I then proceed to analyse the distribution of the unfaced earth mounds 
which provide the best evidence for settlement organisation. Finally / describe excavations carried 
out at two mounded and one other site to investigate the nature of the basic unit o f habitation.
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CHAPTER 5
SUBSISTENCE AND DEMOGRAPHY
By the end of the Lapita period the island of Tongatapu was fully settled in the course of what I have 
termed the great transformation, by which an economy initially exploiting saltwater resources became 
horticulturally based. A similar picture is described in the records of the European visitors and I 
begin this chapter with what they have to say on the matter of subsistence, in the context of 
traditional aspects of subsistence activities still practised today.
The chapter then goes on to review the archaeological evidence for subsistence on Tongatapu over the 
period from the end of Lapita to European contact, mainly from the evidence of my own excavations. 
Though extensive excavations were carried out at habitation sites, the economic data recovered are not 
rich and in some instances further impoverished by the loss of remains by geochemical erosion. As a 
result I shall focus my argument on the question of the extent to which post-Lapita subsistence, 
particularly of the inland populations, was based on horticultural produce or whether there was a 
significant saltwater component. I do this in two ways: through the available archaeological evidence 
and through attention to relevant skeletal remains.
The question is an appropriate one in the Tongatapu context, given the apparent cessation of large- 
scale shell-midden formation in post-Lapita times (Groube 1971; but see Green 1972) and I have myself 
touched on it in the context of the demise of pottery (chapter 4). It is also relevant in assessing 
the reliability of population estimates for the Tongan Classic Period based on carrying capacity 
models in terms of horticultural productivity. I deal with the question of the population size of 
Tongatapu based not only on this approach, but also on the estimates of the late 18th and early 19th 
century observers. This demographic information will be of importance at a later stage, as it provides 
the framework within which any archaeological interpretation of settlement patterns needs to be 
placed.
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HISTORICAL EVIDENCE ABOUT SUBSISTENCE 
Plantations
The early Europeans describe Tongatapu as a land laid out in a series of plantations, the nature of 
which we shall look at in detail in chapter 6. However, one of the things they had trouble with in 
describing the cultural landscape was the matter of shifting cultivation. They all saw seemingly waste 
tracts o f land, upon which they commented. They were aquainted with the three-field system, with one 
field in fallow but used as pasture for cattle. The Tongan system of having some lands fallow for 
several years, and looking correspondingly waste or overgrown, was alien to them. Waldegrave 
(1833:186) mentions that Tongatapu ‘... is a great measure cultivated' and continues with a typical 
Eurocentric opinion that '... the cultivation will increase as the demand for the supply o f shipping 
increases. Yet my officers saw many tracts ... that were waste’ (see also Orlebar 1833: 50). Some 
indications exist, however, that there were differences in the intensity of gardening within the 
Tongan archipelago. Cook and his officers mention that they saw more ‘waste land’ on Nomuka than on 
Tongatapu (Cook 1777: II 20; see also Clerke 1969: 762 and Wales 1969: 846).
Swidden cycles o f varying length are known today, without doubt based on traditional experience and 
thus with relevance for the pre-European situation. The present cycles, of course, include food plants 
not known traditionally, such as manioc {Manihot esculenta), an introduction of the 19th century (Bar- 
rau 1961:53).!) The available sources indicate that the Tongans practised a system of inter-cropping, 
planting yams and Alocasia taro together, as today (table 5.1), in addition to intercropping Alocasia 
taro with Polynesian arrowroot and ti root. At the edges of the plantations were Pandanus, providing 
leaves for the weaving of mats and baskets. The planting of root crops and bananas at least was con­
ducted in a regular, grid-like pattern, yams 2 to 3 paces apart, ti root one pace and bananas three 
paces. Paper-mulberry trees and sugarcane were often planted in groves. Coconut palms, breadfruit
^  Yen (1974:10) had argued that the sweet potato may be a relatively late introduction to Tonga because of the 
scarcity of historical information. Mariner (Martin 1817: dictionary) mentions the word goomala and identifies 
it as the sweet potato; it was also seen by Zimmermann in 1777 on Nomuka (1981:52) and by Labillardiere in 1793 
on Tongatapu (1800:1 105). If the sweet potato was post-European, it would have been introduced either by Cook, 
Bligh or La Perouse. While Cook left several plants in 1773-74 (cf Beaglehole 1969:262), the sweet potato is 
not mentioned (see also Farmer 1855:51). None of the other sources mentions any such transaction. Indicative 
of comparatively recent introduction, however, is the lack of variety names in the Tongan language.
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Table 5.1: Food plants in pre-European Tongan horticulture and arboriculture.
Common name Tongan name Scientific name
Cultivated tubers
Yams 'ufi mui Dioscorea alata
Yams 'ufi lei Dioscorea esculenta
Tongan taro talo Tonga Colocasia esculenta
Giant/Elephant ear taro kape Alocasia macrorrhiza
Sweet potato kumala Ipomoea batatas
Ti root si Cordyline terminalis
Polynesian arrowroot mahoa'a Tacca leontopetaloides
Famine tubers
'Wild' yams hoi Dioscorea bulbifera
Kudzu vine aka Pueraria lobata
Swamp taro via Cyrtosperma chamissonis
Elephant-foot yam teve Amorphophallus campanulatus
Arrowroot misimisi
k o k a r anga Maranta arundinacea
Other horticultural plants
Sugarcane to Saccharum officinarum
Plantains hopa Musa paradisica
Bananas siaine Musa sapientum
Arboricultural food
Breadfruit mei Artocarpus altilis
Shaddock moli Tonga Citrus maxima
Coconut niu Cocos nucifera
Malay apple fekika kai Syzygium malaccense
Polynesian plum vi Spondias dulcis
Indian mulberry nonu Morinda citri folia
? ? ? ? mapa Diospyros laterifolia
Indian almond telie Terminalia catappa
Candlenut tuitui Aleurites moluccana
a palm pi u Pritchardia pacifica
a fig masi'ata Ficus tinctoria/ F.scabrus
Pandanus fa Pandanus tectorius
Edible hibiscus Dele Hibiscus manihot
Polynesian chestnut ifi Inocarpus edulis
Mango mango Mangifera indica *)
*) pre-European presence debated.
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Figure 5.1: Seasonality of Tongan food plants. Shown are the main har/esting seasons.
trees and Polynesian chestnut trees were apparently scattered through the plantations. Fruit trees 
planted outside the compounds had wickerwork around their bases to prevent damage by pigs (c/. figure 
6.2). For tillage the Tongans used a digging stick of ‘hardwood about five feet long, narrow with 
sharp edges, and pointed’, while other sticks had a small blade of about 0.12m (4") wide, with a 
crossbar as a footrest tied to it.2)
Food plants
The early European visitors recorded various food plants. The Tongan staple crops were tubers, mainly 
yams and taro (table 5.1). At times of food shortage, the Tongans resorted to less desirable tubers, 
such as wild yams, which had to be specially treated to be edible. There was also a developed and di-
2) Compiled from Anderson 1967b: 867; 911; 922; 934; Cook 1784:392-393; 1967: 174; Dumont d’Urville 1835; 
Forster 1777:1443; Labillardiere 1800: 105-106; SamweU 1967b: 1039; Wilson 1799:245.
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versified arboriculture. Kava {Piper methysticum), not a food plant strictu sensu, provided a drug, 
important in ceremonies.3-*
Seasonality
As can be seen from figure 5.1, Tongan food plants mature unevenly throughout the year, with the grea­
test variety becoming available during the period from December to February. Some of the crops, such 
as coconuts, bananas and sweet potatoes, can be harvested throughout the year, though in lesser quan­
tities than in the months indicated. Today, taro provides a staple all year round, although it is 
mentioned (Fa’anunu 1977) that in ‘early times’ it was planted at the same time as yams, which would 
have resulted in a harvest during July to September.
Non-food plants
A great number of non-food plants was also carefully tended, the most important being the paper mul­
berry (Broussonetia papyrifera), used for the production of barkcloth. Apart from this, all houses 
were surrounded with ornamental trees, the flowers of which were used to scent the coconut body- oil 
of the chiefs. Introductions of useful plants from other islands were attempted, although not all 
attempts succeeded. I have elaborated on this aspect in the section on overseas exchange in Appendix 
1, discussing the import of the much-valued sandalwood. A variety of plants was intentionally grown, 
or at least tended in the bush, for medicinal purposes. Thaman (1976) provides an impressive list of 
plants of actual or remembered use in the early 1970s.
Domesticated animals
The domesticated animals seen by European visitors comprised pigs, chicken and dogs, the latter being 
absent at the time of Cook’s First visit and the others not in abundant supply on some islands.* 4) It
Compiled from Anderson 1967b:905; 922; Anonymous [Vason] 1810:137; Cook 1967b:922; 934; 1040; 1969:202;
262; Ellis 1782:1 72; 89-90; Fa’anunu 1977; Forster 1777: II 169; 430; 499; Hotta 1962; Labillardiere 1800:39;
337-9; Martin 1817: II dictionary; Pickersgill in Holmes 1984:97; Thaman 1976; Yuncker 1958; Wilson 1799:247.
4) ‘Near some of the houses [ on ’Eua] and in the lanes that divided the plantations, were running some hogs 
and very large fowls, which were the only domestic animals we saw; and these they did not seem willing to part 
with’ (Cook 1777: I 194; see also Wales 1969: 810). This reluctance to exchange pigs and chickens may not have 
been the result of unfriendliness or lack of desire to obtain European goods, but due to a tapu following a 
large ceremony. Mariner (Martin 1817:1 119-120) mentions that a tapu of up to eight months would be placed upon 
numerous food items to allow the animal and plant populations to regain full pre-feast strength.
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Figure 5.2: Long-legged and long-snouted pigs on Nomuka 1772. (Detail from Cook 1777: Plate 43).
appears that all three domesticates were basically chiefly items and available to the commoners in the 
course of large food-redistribution ceremonies. The commoners’ flesh food consisted of rats, wild 
birds and lizards.
Pigs
The mainstay of Tongan exchange ceremonies was the pig. This was of a relatively small breed with 
long snout and long legs (figure 5.2). While pigs were allowed to roam freely in some parts of Tonga, 
they were kept in sties in others. Sometimes castrated to increase fattening, they were fed on root- 
crops and fruit.5)
Chickens
Cook and his fellow officers all comment on the large size and quality of chickens in Tonga, ‘far 
superior, being as large as any we have in Europe, and their flesh equally good, if not better’ (Cook 
1777: I 214). Marra (1775: 61) mentions ‘fowls of enormous size’ and describes them as ‘exceeding fine 
poultry of the large white dunghill kind’.
Ducks
Tasman mentions wild duck on Nomuka (Heeres 1898:31) and Wales (1969: 810) saw both wild 
and tame ducks on ’Eua. The latter reference is unclear, as it is commonly believed that domestic
5) Compiled from Cook 1967:155; 1969: 248; Forster 1777:1 187; Labillardiere 1800:345; 367; Martin 1817; 
Samwell 1967a: 1040. See also etching by Webber, in Cook 1777.
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ducks were introduced by Europeans (Thaman 1976:76). Wild ducks seem to have been very common on 
Nomuka: in the heart of the isle are three large lakes .. they all abound in the largest and best
wild ducks I ever saw or tasted...’ (Clerke 1969: 762).
Dogs
During their first stay in 1773 and 1774 Cook and his fellow officers did not note any dogs on Tonga- 
tapu or Ha’apai. However, the Tongans knew dogs and told Cook that they obtained them from Fiji. Since 
the Tongans were eager to obtain dogs from him, Cook supplied some both on Tongatapu and Nomuka (Cook 
1777:1214-215 for Tongatapu; see ibid. II 21 for Nomuka). By 1777 dogs had become numerous, but they 
were a chiefly item (Cook 1967a: 144-145; see also King ibid. 1364). By 1789 Bligh was able to pur­
chase dogs in Ha’apai (Bligh 1792:151). The fact that dogs were being eaten in 1793, as reported by 
Labillardiere (1800: II 128), is an indication that they were no longer scarce, though still far from 
abundant. This situation had changed profoundly by the first decade of the 19th century, as Mariner 
(Martin 1817:1 265-266) reports dogs as a pest on Vava’u; save for a few kept by chiefs, they were 
eradicated in a large-scale dog hunt. Morey (1804) mentions that dog meat was a favourite dish of chiefs.
Non-domestic animals
A variety of non-domestic terrestrial animals was caught and eaten by the lower classes6^  , such as rats 
and lizards; the latter were ‘very good to eat’, according to Labillardiere.
Fishing
Fishing was carried out with nets, traps, spears, lures and hook and line. In addition, fish fences 
and fish poisoning were known (Cook 1967a: 138; 1969:263; Anderson 1967a: 940; Clerke 1967a: 1312; 
Forster 1777:1436; Anonymous [Vason] 1810:137-139; Labillardiere 1800: I I 118). Stranded whales were 
much sought after, mainly for bones and teeth, but if the meat was still edible, it was consumed by 
the tu’a (commoners, see Appendix 1; Martin 1817:1 316; Reeson 1985:167-168). West (1865:121-122) 
mentions for the 1830s that turtle was not as plentiful in Tonga as in Fiji and that it was not caught 
very often. He says that in the old days it was restricted to chiefs.
6) Compiled from Ellis 1829: I 351; Farmer 1855:52; Labillardiere 1800: II 109); Martin 1817: II 279-283;
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1827:224-228; Wilson 1799:271.
ARCHAEOLOGICAL EVIDENCE
The archaeological evidence is reviewed in terms of four cases studies representative of four contras­
ting environments on Tongatapu: a small offshore island, Pangaimotu; the Inner Lagoon at Pea/ 
Ha’ateiho; and inland area at Veitongo, 1500m south of the lagoon; and the Ma’ofanga peninsula, bet­
ween lagoon and sea. The Pangaimotu and Veitongo excavations were major excavations directed to ques­
tions of settlement and habitation and in this aspect will be discussed in detail in chapter 6. The 
Ma’ofanga investigations were carried out because of the opportunity to investigate a large area 
cleared of topsoil during industrial development. The Pea/Ha’ateiho case study is a crucial one, since 
this is the area of early and prolonged Lapita shell dumping, investigated by Poulsen in detail and 
the focus of attention by myself in the course of studies described in previous chapters on changing 
lagoonal environments and concomitant human predation on shellfish resources. In all four cases I 
attempt to describe the subsistence economy in terms of the balance between terrestrial exploitation, 
i.e. animal husbandry and plant cultivation, and saltwater exploitation, i.e. fishing and shellfishing.
The evidence for animal husbandry and fishing relies entirely on the recovery of bones. As has been 
discussed elsewhere (Spennemann in press b), the survival chances for bones are limited, given preda­
tion by and purposeful feeding of scavengers, such as pigs and dogs. In addition, geochemical erosion 
contributes to the destruction of bone in the tephra-derived soils of the Tongatapu mainland (pH bet­
ween 7 and 8.9; c f table 1.2). It should be mentioned in advance that the detailed analysis of the 
bone remains, especially those of fish, has not yet been undertaken.
Pangaimotu, an offshore islet
Pangaimotu is a small sand cay (22.3 ha) off Nuku’alofa sitting on the fringing reef. The northern 
coast is dominated by the reef, while the southeastern area, towards the islets of Manima and ’Oneata, 
is characterised by shallow water with a sandy or muddy bottom (see Vol.2, Excavation Reports, p. 256 ff.).
The sites under consideration are a group of house and burial mounds in the northwest of Pangaimotu. 
(see Excavation Reports 22-29). Since the soils consist of calcareous sands with some admixture of 
humic matter, the preservation of bone is excellent.
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Figure 5.3: Site TO-Pi-13, Pangaimotu. Shellfish composition of the major phases of the site.
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Animal husbandry
The presence of pigs on Pangaimotu is proven by the find of part of a pig mandible in a house horizon 
of site TO-Pi-13, which postdates the 15th century AD. Several bird remains from various layers of 
site TO-Pi-5 have been identified as domesticated chicken (<Gallus gallus). In addition to these, site 
TO-Pi-5 also produced the beak of a white-collared kingfisher (Halycon chloris vinensis) and site TO- 
Pi-13 a humerus possibly of an owl (Tyto alba lulu).1'*
Cultivation
The archaeological evidence for cultivation is very limited. Most of the few holes encountered in the 
excavations are interpreted as postholes, given their depth and limited diameter. The sandy soils of 
Pangaimotu are not very suitable for the growing especially of deep-rooting yams. Evidence for horti­
culture is circumstantial, mainly based on pits interpreted as storage pits (c/. chapter 6).
Shellfishing
The sites on Pangaimotu have yielded a large number of shellfish remains, which are tabulated in 
detail in the individual excavation reports. By far the most reliable and detailed data exist for site 
TO-Pi-13, which seems to be chronologically late (post-13th century AD?). The shellfish composition of 
the site is set out in figure 5.3. There is a small but steady increase in the representation of Ana- 
dara, reflecting the exploitation of sandy-bottom species. To be noted is the peak of Pinctada ?macu- 
lata, which is of short duration only. The high representation of Pinctada is peculiar to this site 
and may well represent a social factor rather than a change in biological or environmental conditions. 
Turbo chrysostomus is abundant in the early phases of the site but replaced over time by Chama 
iostoma; they are both reef-dwelling species. This change-over between the two species is possibly due 
to environmental changes, possibly indicating a period of stronger wave action in earlier times. We 
can summarise the shellfish species according to their broad habitat categories into sandy-, muddy- 
and rocky/reef-bottom species (figures 5.4 and 5.5). These habitat categories show considerable flue-
7 ) In this context it should be mentioned that site TO-Pe-1 (Poulsen 1987:1 241) also contained bones from an 
owl in post-Lapita contexts.
Chapter 5: Subsistence and demography • 233
TO-Pi-13
Phase G
Phase F
Phase E
cd
'S ,  Phase D
§  Phase C 
O
S  Phase B
Phase A
Old T opsoil
0 20 40 60 80 100
Percentage
E2 SAND 
□  REEF 
H MUD
Figure 5.5: Pangaimotu. Habitat composition of the shellfish collected at site TO-Pi-13.
tuation over time (figure 5.6).8) A seriation of all shell samples from Pangaimotu ordered with res­
pect to the representation of sandy-bottom shells, but regardless of chronological and stratigraphical 
position (figure 5.7), shows that decrease in sandy-bottom species is not consistently made good by 
an increase in either muddy- or rocky-bottom species. This strongly indicates that factors other than 
environmental change may be reflected by the shell assemblage.
F ish in g
The midden samples contain a large number of fish bones, which have not yet been analysed in detail. A 
superficial analysis shows that at least the following families are present: Diodontidae, Scaridae, 
Lutjanidae, Labridae, Siganidae, Holocentridae, Acanthuridae (?), Scombridae and some Elasmobranchii
The individual layers have been seriated in an approximate manner only, based on the available 14C dates.
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Figure 5.6: Pangaimotu. Habitat composition of the shellfish collected collected at all sites, grouped
in approximately chronological order
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Figure 5.7: Pangaimotu. Habitat composition of the shellfish collected collected at all sites, ordered 
with respect to the representation of sandy-bottom shells, regardless of chronological and
stratigraphical position.
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Table 5.2: Life table for the post-Lapita (?) pig population at site TO-Pe-6 (N=32). Basic data after 
Bland & Reed (1987).
Age (months) DX DDX SX QX SSX TX EX
0 - 4  + 1 3.13 100.0 0.031 393.8 1000.0 5.00
5 - 8  + 14 43.75 96.9 0.452 300.0 606.3 6.26
9 - 12 + 10 31.25 53.1 0.588 150.0 306.3 5.76
13 - 16+ 2 6.25 21.9 0.286 75.0 156.3 7.14
17 - 20+ 1 3.13 15.6 0.200 56.3 81.3 5.20
21 - 24+ 4 12.50 12.5 1 . 0 0 0 25.0 25.0 2.00
Abbreviations: DX - number of individuals dying during the age interval; DDX - percentage of individuals dying 
during the age interval; SX - percentage of individuals surviving at the start of the age interval; QX - morta­
lity rate at the beginning of the age interval; SSX - average percentage of individuals alive during the age 
interval; TX - number of individual time units left in the population at the beginning of the interval; EX - 
mean expectation of life for an individual at the start of the interval.
(sharks and rays). In addition to the fish bones, some carapace fragments of turtles were recovered 
from sites TO-Pi-5 and TO-Pi-13. With the detailed analysis still outstanding, no information can be 
offered on the fishing technology employed. It should be mentioned, however, that the excavations 
did not yield any fishing gear.
The Pea/Ha’ateiho area: the Inner Lagoon
The Lapita sites of this area have been discussed in chapters 3 and 4 and their environmental charac­
teristics described. Situated at the northern shore of the western pocket of Fanga ’Uta lagoon, on old 
sandy beachridges or marine deposits post-dating the Holocene sea-level highstand (see chapter 2), 
they have fertile, tephra-derived soils inland. Some of them show evidence of later usage and it is 
these data as well as data from post-Lapita sites found during my fieldwork, which are of concern 
here. Due to the abundance of shell, the midden matrix is relatively alkaline. Conditions for preser­
vation are thus much more favourable than those in the inland Veitongo area discussed below.
Animal husbandry
Poulsen’s extensive excavations in the shell middens TO-Pe-1, -3, -5 and -6 have yielded faunal re­
mains from apparently post-Lapita layers. This is especially true of site TO-Pe-6. The majority of the
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Figure 5.8: Site TO-Pe-6. Histogram showing ages of pigs at death. (From: Bland & Reed 1987).
bones are chicken and especially pig (Poulsen 1987: I 243-245). Based on the total pig-bone assem­
blage from site TO-Pe-6, Bland & Reed (1987) were able to group the pig bones into age classes (figure 
5.8), from which the survivorship statistics in table 5.2 have been calculated. The bulk of the bones 
is from pit AJ, which has been assigned to undated post-Lapita activity at the site, but some Late 
Lapita material will be included in the statistics. The data suggest that pigs were allowed to attain 
a certain size and age (about 4 months) before they were slaughtered, with slaughter continuous, in an 
almost linear fashion. It is also clear that only a few mature pigs (over 20 months of age) were main­
tained to keep the pig population viable. If these data are representative of pig populations at the 
time and individuals were evenly distributed within the individual age classes, then it appears that 
pigs were kept continuously and pig breeding was not specifically geared for large feasts. In the 
latter case, we would expect a very high peak of a single age class and only small peaks for the
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Table 5.3: Quidnipagus palatam, Ruditapes variegatus and Turbo spp. shells in shell middens of Lhe 
western sectors of Fanga ’Uta lagoon. Shell composition in % of shell weight (g)
Quidnipagus Ruditapes Turbo
Site Horizon Date palatam variegatus spp.
Pea sector
TO-Pe-7 0 pit AD 1285 0.00 2.14 0.00
TO-At-90 SFC AD 1280 0.00 0.00 0.00
TO-At-1 layer 4 post-1000? 0.00 0.00 0.18
TO-Pe-71 pit AD 900 0.20 50.69 2.65
TO-Pe-24 III post-660 9.39 1.68 0.38
TO-Pe-2 4 II AD 660 44.54 0.00 0.21
TO-Pe-24 I pre-660 87.69 3.70 0.89
TO-At-30 pit AD 64 0 12.09 0.00 0.69
TO-At-9 6 All 360 B.C. 3.62 5.21 3.04
TO-Pe-65 Excav. 400 B.C. 0.47 0.01 4.54
TO-Nu-8 L 2 400 B.C. 0.70 0.00 0.50
Folaha sector
TO-Nu-50 F9 AD 1830? 25.84 0.00 15.15
TO-Nu-50 Fl L2 AD 1245 25.49 14.92 3.00
TO-Nu-50 FI LI AD 900 0.00 0.00 6.25
TO-Nu-51 F31 AD 645 4.38 0.00 5.98
For details on the individual samples see the respective Excavation or Sampling Reports and Chapter 4, tables 
4.2 to 4.4. For site TO-At-1 see Davidson 1969 and table 5.3.
other classes.9) If the individual ages, however, group around 8 months (the separation value of two 
age classes), then the sample may well represent a festive event. Since most of the bones come from a 
single pit, this is likely to be the case. The data, however, do not permit the conclusion that the 
pigs were specifically raised for such an event.10)
9  ^ Given the fragility and softness of immature pig bones, it is quite possible that bones of smaller pigs have 
not survived and that the survivorship curves are therefore heavily biased (see Ijzereef 1981:87).
10' In a study of pig husbandry in the New Guinea highlands Hide (1981) describes a situation where such 
directed breeding does take place, with pigs commonly less than a year old (less than 25kg live weight) at the 
time of slaughter. It is quite possible that the archaeological data from TO-Pe-6 represent such a breeding 
programme, but it is equally possible that pigs of about the same age, and thus status and value, were brought 
to a feast by various participants.
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Table 5.5: Site TO-At-1. Midden analysis (by shell count) of layer 4 (after Davidson 1969).
B-4
Square 
C-4 B/C-4 D-5
Firepit 
large small
!
| TOTAL %
G a f r a r i u m 74 925 710 150 175 3 | 2037 93.53
A n a d a r a 1 1 5 0 1 2 1 io .46
P i n c t a d a 40 22 30 0 9 3 ! 104 4.78
T u r b o 0 3 0 0 0 1 1 4 .18
Other 3 13 5 0 2 0 I 23 1.06
Total 118 964 750 150 187 9 | 2178 100.00
Cultivation
As before, the archaeological evidence for cultivation is limited and consists almost entirely of sto­
rage pits. Apart from these, the pieces of charred coconut shell from site TO-Pe-1 (Poulsen 1987: I 22) 
need to be mentioned. A sample of them was 14C-dated directly and gave an age of 420 + 100 BP* (K-961; 
1448 AD; 1 G 1305-1660 AD).
Shellfishing
The distribution of shell scatters with and without pottery in the Pea/Ha’ateiho area is plotted in 
figure 6.4. A number of 14C dates documents post-Lapita occupation of sites over the period AD 500 to 
AD 1600. While features dug into the Lapita middens can sometimes be assigned to post-Lapita phases 
(cf Poulsen 1987: I 35-36; 43), the contents of the pits can only be rarely chronologically assigned with 
confidence, beause they are in secondary position. Therefore the following discussion is limited to 
sites which are post-Lapita in their entirety.
The death of Anadara in the western lagoon caused a shortage in shellfish, which had to be made up by 
the use of other hitherto less predated species. Gafrarium became the single most exploited species, 
gradually gaining total pre-eminence. During the initial phases of the post-pottery period in the 
western branch of Fanga ’Uta lagoon (Pea, Havelu and Folaha sectors), Anadara is temporarily replaced
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by two other shellfish species which thrive in sheltered environments: Quidnipagus palatam n) and Rudi- 
tapes variegatus,12^  As can be seen from table 5.2, the exploitation of Quidnipagus palatam  begins at 
different times in the Pea/Havelu and Folaha sectors, which may well be due to increased restrictions 
on lagoonal water exchange in the Folaha sector after 1000 AD. In the Pea area the exploitation of 
Quidnipagus starts by about AD 650, with the highest concentration in site TO-Pe-24.13) At site TO-Pe-1 
Poulsen (1987: I 20) encountered a pit dating to the post-Lapita period with a substantial deposit of 
Quidnipagus palatam , measuring 0.10 in thickness and 0.6 m in diameter. Ruditapes shells, while very 
frequent (over 50%) in site TO-Pe-71, seem not to have been commonly exploited.
Fishing
No data on fishing can be provided. The post-Lapita pits encountered by Poulsen are dug into Lapita 
middens, so that the chronological status of the faunal remains in their fill is uncertain. The few 
isolated post-Lapita pits, such as TO-Pe-70 (Sampling Report 6) and TO-Pe-71 (Sampling Report 7), con­
tained no fishbone. No archaeological evidence for fishing gear dated to the post-Lapita periods has 
been found in any of the excavations.
The mound group at Veitongo: the inland
In this inland area, 1500m from the lagoon, the tephra-derived soils do not provide good preservation 
conditions for bones and shells and we can expect that unknown amounts of bone have disappeared. (The 
relevant Excavation Reports [4-7] are set out in volume 2).
Quidnipagus palatam (Iredale 1929), sometimes called Tellina palatam, is a filter-feeding animal of the 
family TELLINIDAE which dwells in soft- and sandy-, but preferably silty/muddy-bottom locations within a shel­
tered, predominantly inner reef, shallow-water environment, not exposed to direct and heavy sea action. In its 
habitat it is similar to Gafrarium, but does not thrive on (pure) sandy bottoms. It has an Indo-Pacific distri­
bution from Africa to the Tuamotu and Hawaiian Islands (Boss 1969; Cemohorsky 1972: 230; Kay 1979; Paulay 
1985:12). Q. palatam occurs in water depths of up to 3 m. On Tongatapu it is commonest on the extensive 
Fatai/Kolovai mudflats, but also flourishes in the lagoon. No specimens were found in the Pangaimotu samples. 
According to Kavapalu (1987b), Quidnipagus palatam, is mainly collected during the breadfruit-harvesting season 
(January to June), as a traditional dish is made by mixing fresh breadfruit with Quidnipagus. In recent times 
Quidnipagus palatam has attracted consumption by expatriates at several restaurants.
12^ Ruditapes variegatus (SOWER3Y 1852) is an intertidal species of the family VENERIDAE. Synonyms are Tapes 
philippinarum (Cemohorsky 1972:235); Ruditapes punicea and R. cinerea (Abbott & Dance 1982:363).
13) The Quidnipagus palatam shells at site TO-Pe-24 appeared to be smaller than those at site TO-At-30, and 
smaller than most of the modem shells served in restaurants. It is possible that this is indicative of 
overexploitation, but it should be noted that no quantitative assessment was conducted.
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Animal husbandry and cultivation
Only a single bone, part of a burnt rib of a pig, was encountered, in area 14, pit 2. This pit is da­
ted to the beginning of the 15th century AD (ANU-5720; AD 1425, l c  1309-1478). There is quite an abun­
dance of archaeological evidence for cultivation in this area. As discussed in chapter 6, the area 
excavations at the Veitongo mound group uncovered an abundance of holes, either postholes or planting 
holes. It will be be argued that the majority comprises planting holes (see SS-IV). A series of holes 
underneath the first mound phase of site TO-At-85 suggests that planting was done in rows, which is 
also said to be the traditional method (see above). If the depth and diameter of the holes (cf. SS-IV) 
are any guide, the main crop grown in the area was yams, thus confirming ethnographic obsen/ations. 
The 14C date for the second phase of At-85 covers the period from AD 560 to AD 1000 (ANU-5719; at 1 G, 
central intercept: AD 743), making it likely that the planting holes predate AD 750.
Shellfishing and fishing
No evidence for fishing was obtained. Two pits (area 14, pits 2 & 9) provided small amounts of shell, 
exclusively Gafrarium shells, which were very fragile from geochemical erosion. Despite heavy gar­
dening in the area, no shells were seen on the surface. Thus it seems likely that shellfish consump­
tion was minimal.
In the wider area around the mound group, a few shell scatters were discovered. It is of interest to 
note that five of the seven shell scatters in the inland areas unassociated with pottery are located 
at a regular distance of approximately 1500 m inland. One of these scatters, TO-At-90, has been dated 
to the 14th century AD (ANU-5722; 600 + 60 BP*; l a  1287-1407 AD), indicating that shellfish consump­
tion continued at least on a small scale after the end of the Lapita Period. The composition of the 
inland shell scatters (table A3.11) shows that Gafrarium predominates.
The Ma’ofanga area as an example of sites on a small peninsula 
The fourth case study is concerned with an area at the southern shore of the Nuku’alofa-Ma’ofanga pen­
insula, which is situated at the northern shore of the Folaha sector of Fanga ’Uta lagoon connecting 
the two main bodies of the lagoon, the Pea (west) and Mu’a (east) sectors. The ground slopes gently
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Figure 5.9: Site TO-At-85, Veitongo, Tongatapu. Holes dug into the subsoil underneath the mound. 
While some of the holes are likely to be postholes from the first house-mound phase, the majority of 
them can be expected to be planting holes. Note the apparent linear orientation of several holes.
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towards the lagoon, with a palaeo-shoreline intermittently visible. At the locality of investigation, 
the peninsula is about 1700m wide. The sites are about 200-250m north of the lagoon and about 1500m 
south of the northern shore. The entire area is covered with fertile Fahefa soils (see Excavation 
Reports 14, 16-18).
Animal husbandry and cultivation
Apart from the human burial and additional skull from site TO-Nu-50, pit 1 and a single piece of human 
femur(?) from site TO-Nu-51 feature 1, layer 1, no bone fragments were recovered from any of the exca­
vated features. The archaeological evidence for cultivation is very limited and consists entirely of 
pits, interpreted as storage and fermentation pits.
Shellfishing
Four samples from pits at sites TO-Nu-50 and TO-Nu-51 are under discussion, which date between the 6th 
and the 13th century AD (see table 7.9). Four shellfish species play an important role in the four 
assemblages analysed: Anadara antiquata, Gafrarium tumidum, Quidnipaguspalatam and Turbo marmo- 
ratusl chrysostomus. From a chronological perspective, the four samples reveal an interesting pattem: 
the two early samples, TO-Nu-50 feature 1 and TO-Nu-51 feature 31, show a low representation of lagoo- 
nal shells, with a dramatic rise in the two later samples, while the representation of Anadara decrea­
ses. Table 5.2 sets out the major shellfish species. As can be seen, the representation of Gafrarium 
rises from 30% to over 50%. The more remarkable change, however, is connected with the appearance of 
Quidnipagus. While almost unrepresented in the early samples, it forms a quarter of all shell by the 
13th century AD. Ruditapes, another 13th century replacement for diminished Anadara resources, dis­
appears before Quidnipagus.
The shellfish species encountered in the midden samples represent two major habitats: that of the 
lagoon (Gafrarium tumidum, Ruditapes \ariegatus, Quidnipagus palatam) and that of the fringing reef at 
the northern shore of the peninsula (Turbo, Anadara, Vasticardium, Perigtypta). We need to keep in 
mind, however, that the environment was constantly changing (c f chapter 2), making the chronological 
story very complex. As has been already observed, Anadara, which is intolerant of low salinity, vir-
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tually disappears from the archaeological record during the Formative Period. This disappearance seems 
to have taken place in the southern part of the Pea sector by about AD 400, while the species was 
still flourishing in the Folaha sector by about AD 900 and had died out by AD 1250. Given the relative 
closeness of the Ma’ofanga sites to the open sea, where Anadara can be found on the reef flats, it 
appears very unlikely that this decrease of Anadara was due to social or culinary factors. Environ­
mental factors seem predominant.
The loss in Anadara was made up by the exploitation of soft-bottom species from the lagoon, such as 
Gafrarium, Ruditapes and Quidnipagus, as is indicated by the overall species composition. By the 
1830s, however, the emphasis had again begun to shift to the sea shore, as shown by the increase of 
rocky-bottom species {Turbo).
Fishing
Sieving of the midden material failed to retrieve any fish bones. Since some material was sieved 
through 1 mm mesh, fish bone should have been found, had it been present in the samples. This lack of 
fish bones is important in view of the fact that the lagoon abounds in fish and a rich seasonal source 
of migrating mullet is only a few hundred metres away.
THE ROLE OF SHELLFISHING -
DATA FOR PREDATION PRESSURE ON LAGOONAL RESOURCES
The evidence of the size distribution of Gafrarium shells {cf. table 5.4, chapter 4, and particularly 
SS-VII) indicates that human predation pressure continued after the Late Lapita Period. Shells of 
the Formative Period in the Western pocket of the lagoon are very significantly smaller than those 
from the Late Lapita Period. The following Preclassic Period sees an increase in the average shell 
size, which is statistically insignificant. A statistically highly significant decrease in size 
occurs between the Preclassic and the Classic Periods. It should be noted, however, that sample size 
of the Classic Period is small. The shells belonging to the Contact Period (tentatively dated to the 
1830s) are marginally larger than those of the Classic Period. A statistically highly significant in­
crease in shell size occurred between the Contact Period and modem times (1980s, P < 0.001). Similar 
trends hold true for the Eastern pocket of the lagoon for those periods, for which samples exist (see SS-VII).
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These statistical data permit a number of conclusions. Since we can equate size reduction in Gafra- 
rium with predation pressure and predation pressure with the size of the human population, the conti­
nuous decrease in shell size clearly indicates that no marked drop in the predating human population 
occurred, that population levels even increased. Predation pressure seems to have dropped off drama­
tically after 1830, as is indicated by the steep rise in shell size to the 1980s sample. It has been 
argued elsewhere (Spennemann in press) that the Civil Wars (1799-1852) and an associated dramatic re­
duction in the size of the human population would have led to a marked relaxation in predation pres­
sure and a subsequent increase of mean shell size. The samples of Anadara shells belonging to phases 
later than the Formative Period are very limited in size and the results of their statistical analysis 
(table 5.5) not conclusive.
The data on Gafrarium, however, highlight a discrepancy in the archaeological record. It appears from 
the sites that shellfish dumping, at least on any large scale, ceased by the end of the Lapita period, 
although, as Green (1972) has pointed out, limited shellfish dumping continues along the coast. The 
measurement data, however, indicate that shellfish predation not only continued, but increased. It is 
thus possible that shell dumping may have continued to take place on Lapita middens in the post-Lapita 
Period but that this has been masked by mixing with underlying Lapita materials as a result of pit and 
posthole digging and or gardening (cf. Groube 1971).14)
This topic has been addressed in detail by Poulsen (1987: I 48-53), who conducted an assessment of displace­
ment based on decorated pottery fragments and concluded that midden disturbance in his sites was limited. He 
points out that midden disturbance may vary from site to site, citing Groube’s observations at TO-Pe-27 (Groube 
1971:298). Poulsen’s tabulation of vertical and horizontal displacement (ibid. II 4), however, shows that hori­
zontal movement of over 5 m occurred (which may have happened during antiquity), while movement between 2 and 4 
m made up about a quarter of the total (save for site TO-Pe-3 where the sample size [n=3] is too small to be of 
relevance). In the vertical scatter between 18 and 62% of all material was separated by 1 spit or more. Such an 
extent of vertical and horizontal displacement, I believe, is quite sufficient to bring pottery into the non­
ceramic layers of a midden in such manner that the nature of the intermixture could not be recognised. In exca­
vations, however, an investigation of the trench profiles should tell the difference. Such displacement also 
affects the usefulness of shellsamples collected for the shell-size measuring exercise. It should be noted, how­
ever, that only those shell samples collected both by Poulsen and myself have been used, which stem from undis­
turbed parts of the stratigraphy (see SS-VII). It may be added in this context that the horizontal displacement 
of artefacts even with such disruptive agents as ploughs and harrows is only in the range of 1-2 m over several 
years of ploughing (Reynolds 1982; Schier 1981:34 ff.)
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Table 5.6: Student’s r-test (two-tailed test, separate variance estimate) on the means of various
assemblages of Gafrarium from Late Lapita to modem times.
N MEAN SD SE N MEAN SD SE t df P
Late Lapita shoreline sites vs. Formative Period sites 
3748 34.170 7 .58 0.12 6889 26.987 4.84 0.05 52.47 5448.3 0.000
Late Lapita inland sites vs. Formative Period sites 
6821 29.949 5.58 0.06 6889 26.987 4.84 0.05 33.18 13401.4 0 . 0 0 0
Formative Period sites vs. Preclassic Period sites 
6889 26.987 4.84 0.05 2201 27.010 4.18 0.08 -0 . 21 4240.0 0.832
Preclassic Period sites vs. Classic Period sites 
2201 27.010 4 .18 0.08 101 22.841 8.11 0.80 5.13 102.4 0 . 0 0 0
Classic Period sites vs. Contact Period sites 
101 22.841 8.11 0.80 120 23.066 4.94 0.45 - 0 . 24 159.2 0.808
Contact Period sites vs. 1900s- 1940s sites 
120 23.066 4.94 0.45 11 29.818 4.72 1.42 -4 . 51 12.1 0.001
1900s-1940s sites vs. 1950s-1970s sites
11 29.818 4 .72 1.42 412 25.626 4.43 0.21 2.91 5.4 0.015
1950s-1970s sites vs. 1980s sites 
412 25.626 4 .43 0.21 10931 33.292 4.74 0.04 - 34 .35 447.1 0 . 0 0 0
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Table 5.7: Student’s t-test (two-tailed test, separate variance estimate) on the means of various
assemblages of Anadara from Late Lapita to modem times.
N MEAN SD SE N MEAN SD SE t d f P
Late Lapita shoreline sites vs. Formative Period sites 
9 7 2  5 0 . 2 2 4  1 2 . 5 0  0 . 4 0  1 8 8 2  4 0 . 3 4 2 1 1 . 9 5 0 . 2 7 2 0 . 3 0 1 8 8 6 . 5 0 . 0 0 0
Late Lapita inland sites vs. Formative Period sites 
1 7 5 7  4 2 . 7 0 8  5 . 6 0  0 . 2 5  1 8 8 2  4 0 . 3 4 2 1 1 . 9 5 0 . 2 7 6 . 3 3 3 6 2 7 . 5 0 . 0 0 0
Formative Period sites vs. Preclassic Period sites 
1 8 8 2  4 0 . 3 4 2  1 1 . 9 5  0 . 2 7  1 8  4 9 . 6 6 6 1 5 . 4 4 3 . 6 4 - 2 . 5 5 1 7 . 2 0 . 0 2 0
Preclassic Period sites vs. Classic Period sites 
1 8  4 9 . 6 6 6  1 5 . 4 4  3 . 6 4  2 6 4  5 3 . 1 2 8 1 1 . 8 5 0 . 7 2 - 0 . 9 3 1 8 . 3 0 . 3 6 3
Classic Period sites vs. Contact Period sites 
2 6 4  5 3 . 1 2 8  1 1 . 8 5  0 . 7 2  1 9  4 9 . 8 9 4 5 . 9 9 2 . 5 2 1 . 2 3 2 1 . 1 0 . 2 3 2
Contact Period sites vs. 1900s-1940s sites 
1 9  4 9 . 8 9 4  5 . 9 9  2 . 5 2  4 6 8 . 7 5 0 4 . 5 0 2 . 2 5 - 5 . 5 8 1 2 . 0 0 . 0 0 0
1900s- 1940s sites vs. 1950s-1970s sites
4 6 8 . 7 5 0  4 . 5 0  2 . 2 5  3 7 3  6 1 . 3 7 0 7 . 9 4 0 . 4 1 3 . 2 3 3 . 2 0 . 0 4 4
1950s-1970s sites vs.  1980s sites 
3 7 3  6 1 . 3 7 0  7 . 9 4  0 . 4 1  1 4 1 6  5 9 . 8 0 7 1 1 . 0 0 0 . 2 9 3 . 0 9 7 9 0 . 2 0 . 0 0 2
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Late Lapita (shore) 
- Formative 
Pre-classic/ /  /
Figure 5.10: Distribution of the size of Gafrarium shells comparing Late Lapita samples with 
samples from the Formative and Preclassic Periods. Cumulative percentages.
Late Lapita
Formative
Pre-classic
Size (mm)
Figure 5.11: Distribution of the size of Gafrarium shells comparing Late Lapita samples with 
samples from the Formative and Preclassic Periods. Histograms.
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Pre-classic
1980s
Figure 5.12: Distribution of the size of Gafrarium shells comparing samples from Preclassic 
Period with modem market catches. Cumulative percentages.
Pre-classic
Size (mm)
r i - n * 1
Figure 5.13: Distribution of the size of Gafrarium shells comparing samples from Preclassic 
Period with modem market catches. Histograms.
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THE ANTHROPOLOGICAL EVIDENCE FOR PREHISTORIC DIET 
While the archaeological data do not provide any clear information on the continuation of the exploi­
tation of saltwater resources save for sites on offshore islets, the shell size exercise has shown 
that this may be the case. I now introduce a methodologically separate set of data, human remains. The 
anthropological examination of human skeletal material can contribute in three ways, through the 
evidence of dentition, bone changes and stable isotopes.
Dental status
The assessment of the dental status of human skeletal material permits insight into the dietary habits 
of people, as nutritional habits determine the extent of tooth wear, calculus (tartar) and the inci­
dence of caries. The dental status of some Tongan populations has been studied by Taylor (1967; 1971a; 
1971b; 1987) and myself (Spennemann 1985p; 1985q; 1987k; unpublished notes). Since the skeletal ana­
lysis of the material from my own excavations at Pangaimotu, Veitongo, Hofoa and Ha’ateiho is still 
outstanding, data on only a few sites are available: the ’Atele mounds studied by Taylor (sites TO- 
At-1, TO-At-2); a burial mound excavated by McKern on Pangaimotu (TO-Pi-2; material in the Bishop 
Museum), burial AK from site TO-Pe-1 excavated by Poulsen; and a series of bone samples excavated by 
Golson in 1957 (TO-Nt-42, TO-Bi-1), all analysed by me.
Lost teeth can be indicative of mouth and tooth diseases, as indicated by Taylor. The totality of the 
relevant data is set out in table 5.8. Of a total of 114 maxillae and mandibles, 194 teeth are 
missing, 18.5% of which are first incisors and 13.8% second incisors. As has been pointed out by 
Taylor (1971a), front teeth are missing in several skeletons without any indication of root abscesses, 
caries or peridontitis. He speculates that the front teeth were knocked out by assault or accident. In 
addition, self-mutilation may have been a cause. If we subtract the incisors from the analysis, then 
the incidence of tooth loss progresses gradually from the third premolars (6.7% of all missing teeth) 
to the second molars (18%). If we assume that the loss of back teeth in Tonga is primarily connected 
with caries, then the picture is consistent with the consumption of soft and starchy foods, such as 
root crops. Such food tends to stay much longer in the back-tooth region of the mouth and clogs up the 
interproximal areas of the teeth.
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Table 5.8: Missing teeth.
M 3 M 2 M l
R I G H T  
P4 P3 C 12 11 11 12
L E F T  
C P3 P4 Ml M 2 M 3
M a x i l l a
P a n g a i m o t u 3 4 - 1 - 2 5 5 5 4 2 1 1 1 4 4 8
M a k a h a ' a 2 2 1 2 1 1 2 2 2 1 1 - - - - - 2
N i u t o u a 1 1 1 - 1 1 1 1
P e a 2 2 1 1 2 1 1 2 1 1 1 1 1 2 1 1 2
' A t e l e / P e a 2 2 2 2 - - - 3 3 2 2 3 2 1 1 2 45
M a x i l l a  t o t a l 10 11 4 6 3 4 8 12 11 8 6 4 4 5 7 8 58
M a n d i b l e
P a n g a i m o t u 2 1 1 1 2 1 3 3 1 2 1 2 1 1 2 2 8
M a k a h a ' a 1 1 1 2 1 1 1 2 2 2 1 1 1 1 - - 2
P e a 1 1 - - - - 1 1 1 1 - - - 1 1 1 1
' A t e l e / P e a - 5 5 1 - - 1 2 1 1 - - 1 6 6 2 45
M a n d i b l e  t o t a l 4 8 7 4 3 2 5 8 5 6 2 3 3 9 9 5 56
O v e r a l l  t o t a l 14 19 11 10 6 6 13 20 16 14 8 7 7 14 16 13 114
The caries ratio of the individual teeth15) analysed by me is set out in table 5.9. The insular samples 
from Pangaimotu and Makaha’a have a low impact of caries, while the samples from the mainland, Pea and 
Niutoua, have a much higher incidence. This observation is strengthened by the ’Atele samples, which 
have a high incidence of caries (Taylor 1971a). In addition to the low representation of caries in the 
Pangaimotu sample, only one of the eight individuals represented here had a badly diseased mouth, 
while the other individuals (all adults) had relatively healthy teeth. Taylor has observed that cervi­
cal caries is much more strongly developed than any other caries facies, again suggesting a starchy 
diet. The new data are in agreement.
Based on these data, some tentative conclusions can be drawn. The incidence of caries varies between 
the samples. While it relatively high at the ’Atele mounds and the individuals from Pea and Niutoua, 
it is low in the samples from Makaha’a and Pangaimotu. As cervical caries is likely to be due to the
15^ The ratio is based on the evidence of the teeth present and has been calculated by adding up the 
individual degrees of occlusal, interproximal and cervical caries and dividing the sum by the number of teeth 
present in each category.
Chapter 5: Subsistence and demography • 252
Table 5.9: Caries ratio (average impact) of individual teeth. The number of individuals refers to trie 
total number of maxillae and mandibles.
Tooth
Pangaimotu 
OCC INP
(n-16)
CER
Makaha'a 
OCC INP
(n=4) 
CER
Pea/Niutoua 
OCC INP
(n=5) 
CER
M3 0 . 0 5 0 . 0 5 0 . 3 3 0.00 0.00 0.00 0.00 3 . 0 0 0.00
M2 0 . 1 8 0.00 0.00 0.00 1 . 0 0 0.00 0.00 3 . 0 0 0.00
Ml 0.00 0.00 0 . 2 8 0.00 0 . 2 0 0.00 0.00 0.00 0.00
P4 0.00 0 . 0 7 0 . 1 8 0.00 0.00 0.00 1 . 8 3 0 . 5 0 0 . 1 7
P3 0.00 0.00 0 . 1 1 0.00 0.00 0.00 1 . 3 3 0 . 6 7 0 . 5 0
C 0.00 0.00 0.28 0.00 0.00 0.00 2 . 0 0 1 . 2 5 0.00
12 0 . 0 6 0.00 0.00 0.00 0.00 0.00 3 . 0 0 1 . 0 0 0.00
11 0.00 0.00 0 . 1 1 — -- — 0.00 0.00 0.00
Based on the average of the individual impact data, following the system of Taylor (1971a). 
Abbreviations: OCC - occlusal caries; INP - interproximal caries; CER - cervical caries.
consumption of a soft starchy diet coupled with lack of dental hygiene, we may infer that the people 
at ’Atele, Pea and Niutoua consumed more starchy food than those on M akaha’a and Pangaimotu. It is 
possible that the doubtless higher consumption there of fish and shellfish, which may need more 
chewing, provided the cleansing effect required to prevent heavy infestation with caries. Given the 
limited size of the data base, however, these conclusions need to be taken with great care.
Arthritic changes
Work patterns involving repeated movements result in morphological and pathological changes observable 
in the skeleton (cf Houghton 1980; Czametzki etal. 1983). Houghton (1980:115-118), working on New 
Zealand skeletal material, noted that the clavicles and humeri of many male individuals show clear 
evidence of excessive use of the arm in a highly specific manner, i.e. a strong, forcefully conducted, 
downwards- and backwards-directed movement of the upper arm. Houghton argued that this movement is 
that of paddling/canoeing. The evidence is associated with a high percentage of osteoarthritis in the 
the cranial vertebrae of the neck region.
The human remains recovered from Davidson’s (1969) burial mounds TO -A t-1 and TO-At-2 were studied 
by Pietrusewsky (1969). He found that the male vertebral columns showed a high intensity of osteoa­
rthritis in the neck region, with almost no arthritis in the lower spine region (thoracic and lumbar
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vertebrae), while the female skeletons showed a high percentage of arthritic vertebrae in the lower 
spine, with almost none in the lower neck region (Pietrusewsky 1969:324-325). While Pietrusewsky no­
ted this difference, he could not explain it. In the light of Houghton’s more recent findings, how­
ever, it is possible to suggest that it is work-related. Work that could have caused the severe arthri­
tic changes in female backs (Spennemann 1986c; 1986g) includes carrying heavy loads16), gar­
dening1^ , tapa production18) and shellfishing.19) In view of the fact that tapa painting is mainly 
conducted sitting down and that shellfishing on the reef, the type involving frequent bending, would 
not have been practised regularly by people living so far away, it can be concluded that the factors 
affecting the spines of the ’Atele women were work in the garden, especially weeding, and carrying 
the produce including firewood back home. On the other hand, the almost complete lack of such 
arthritis on male spines shows that men were not generally involved in such labour.
The spines o f males show ‘paddler’s neck’, as recognised by Houghton, indicating frequent use of paddle 
and canoe. As trading/exchange voyages, as well as voyages of war, are not likely to have been daily 
events and also would have been conducted by sailing canoes, the only possibility offered is fishing.
16^  Carrying heavy loads, such as produce from the gardens, would put heavy stress on the lower back and cause 
or exacerbate arthritis.
17) Briefly, gardening work consists of clearing fallow vegetation, digging planting holes, hoeing and weeding, 
and finally harvesting. Clearing vegetation and digging planting holes with long digging sticks are physically 
stressful occupations, which, however, are done only for a short period every year. They also stress the upper 
arms and the shoulder girdle and not the lower back. Wilson (1799: 245) mentions that the way of people digging 
planting holes is ‘to squat on their hams’. The continous day-to-day work is the hoeing and weeding of 
the plantation. Weeding is conducted in a standing manner with the upper body bent from the waist, which puts 
stress on the lower back.
18) The painting of tapa can be practised in a standing manner, with the upper body bent from the waist, which 
would put stress on the lower back. It seems from current practice (Koch 1955; Tamahori 1963; personal observa­
tions), as well as early European observations (Martin 1817: II 288-293), that the majority of painting is con­
ducted while sitting on the tapa. This does not put heavy stress on the lower back.
19) Shellfishing in Tonga is a task done entirely by women (Martin 1817: 224-225; McKern nd: 347). Two types 
of shellfishing have to be distinguished: fishing in the lagoon and on the mudflats and fishing on the reefs. 
The former is conducted either standing in the water and searching the muddy ground for shells with the toes, 
or sitting in the shallow water and digging with the hands. Shellfishing on the reefs, however, is conducted in 
a standing position, involving frequent bending down when turning over stones and the like. Thus it is possible 
that shellfishing on the reef flats would cause arthritic changes in the back. However, an analysis of the 
shell scatters in the Ha’ateiho transect (c/. Appendix 3, table A3.11) shows that reef-shellfish species were 
largely absent. Since we can assume that the population buried in the ’Atele mounds lived nearby, it seems unli­
kely that these people exploited reef resources.
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This is not to say, however, that men never did any work in the gardens. What can be derived from the 
bones is the general rule, i.e. the day-after-day, week-after-week, year-after-year recurrent work 
pattern. Since in the case of the ’Atele men this is connected with canoeing, there is strong 
evidence here for direct and constant access to saltwater.
Stable isotope ratios
Various stable isotope ratios can be used to determine the composition of human diet. To date, the 
work on Tongan material is rather limited. The data available comprise determinations of carbon (13C), 
nitrogen (15N) and sulphur (34S) isotopes conducted by Leach et al. (in press), with additional ljC 
data as a by-product of 14C determinations on human collagen. Work on trace-metal compositions, espe­
cially of zinc and strontium, is in progress (Fuavao & Spennemann).
Carbon (13C) isotopes
The representation of the stable carbon isotopes C and C varies between different organisms. 
Plants with a C3 pathway for the photosynthesis of CCX, commonly have a 813C value of -23 to -21%c PDB. 
Those with a C4 pathway, such as sugarcane, have a S13C-value of -10.0%o (Vogel 1980; Smith & Epstein 
1971; Troughton et al. 1974). S13C determinations have been conducted for a few Tongan archaeological 
charcoal samples in the course of 14C dating (SS-XII, table SS-XII.A) and have returned values between 
-23.0 and -25.07 %c, thus indicating that the charcoal comes from plants with a C3 pathway. Most of the 
plants eaten in pre-European Tonga seem to have a C3 pathway (see table 5.9), but sugarcane (Saccharum 
officinarum) is notable exception. Its 813C values vary between -10 and -14 %o PDB (Smith & Epstein 
1971; ANU Sucrose standard, Polach, pers. comm.). The carbon stable isotope ratio of animals depends 
on the their diet. If they feed predominantly on C3 plants, their S13C value will be more negative 
than if they feed on C4 plants or saltwater food. Likewise, the 813C value of predators will depend on 
the diet of the animals predated (DeNiro & Epstein 1978). The 813C value of various foods relevant to 
Tonga have been compiled in tables 5.12-5.14 and figure 5.14.
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Figure 5.14:
5 C values of human collagen from Tongan burials in relation to those of potential food sources.
As with animals, the isotope intake in human diet determines the stable isotope ratio deposited in the 
bones. As has been documented by Tauber (1981; 1982a; 1982b) and others (Sealy 1986;Keegan& DeNiro 
1988), the dietary habits of humans living partially or predominantly on fish and other seafood 
affects the 813C value of human collagen. The greater the seafood intake, the less negative the 51:>C 
value becomes. Only six 013C determinations on human material from Tonga have been run so far. Leach 
et cd. (in press) report a 513C value of -15.4%c for the burial (burial AK) at site TO-Pe-1 and a mean 
of -17.9+ 0.2%o for four 513C values from the ’Atele burial mounds TO-At-1 and TO-At-2. A human bone 
from a slab-built burial chamber on Makaha’a (siteTO-Bi-1) yielded a 513C value of-17.5%c (ANU-5716, 
collagen). As can be seen from the plot in figure 5.12, the 513C values of the human material sit 
nicely between the range for terrestrial plants (C3 pathway) and that for saltwater food. Unless we 
assume an excessive intake of sugarcane, the only relevant plant with a C4 pathway, which is a well-
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Table 5.10: 513C values (in %o PDB) of human skeletal material (collagen) from Tonga and Fiji.
Site Social status Date BP* S~2C value"1 N
TO-Bi-1 chiefly burial 690 -17.5 1
TO-At-1 & 2 commoner's burial 770 - 1200 -17.9 + 0.2 4TO-Pe-l/AK ritual burial (?) ? ? -15.4 1
Lakeba unknown 2700 -16.5 1
Sigatoka unknown 1870 -15.9 12)
1) Values after ANU 14C Laboratory; Leach et al. in press: Best 1987.
2) The NaOH soluble fraction (bone apatite) shows a SDC value of -7.6%o, suggesting contamination o^the inor­
ganic fraction. It is likely that carbonate precipitation from the atmosphere took place, since the 8 UC value 
is almost in equilibrium with that of atmospheric CO (-7%o). Rainwater percolating through the coral sand is the 
likely agent.
known antidote against the effects of excessive kava consumption, the data very strongly suggest that 
saltwater food played an important role in diet of the analysed humans.20)
It is known that the isotopic composition of collagen changes over the lifetime of an individual, so that 
some 8 13C variation can be expected between children, adults and old people. In addition, there are 
likely to be two social factors at work in the Tongan situation. One concerns gender: shellfishing 
women are often to be seen consuming snack foods, such as chitons, seaweed and sea cucumbers, on the 
spot, so that women may have a higher intake of marine food than their men. The second factor concerns 
social status: high-ranking people would have been given choice foods.
For a plethora of reasons 8 3C values do not permit any quantification of the proportional intake of salt­
water food or C plants in relation to the intake of CL plants: the lzC / C  intake and fractionation (expressed 
as S1JC values) apparently intake of the human collagen apparently does not occur on a regular linear 
or logarithmic scale, but is dependent on individual physiological properties which vary at the intra-species 
level; postdepositional diagenetic changes affect the isotope composition and seem to favour the heavier isoto­
pes; variation of 8 3C values occurs on a regional micro-level, such as inside and outside of the lagoon. While 
these changes are minor and do not affect the general statement that the isotope composition indicates an input 
of carbon from saltwater sources or C plants, they prevent any attempt at quantification. Another serious flaw 
in any attempt of quantification is thi fact that shellfish commonly has a less negative value than fish whi^h 
may be as much a twice as high. Thus a person eating a certain amount of shellfish may end up with the same 8 C 
yalue as a person who eats twice the amount of fish. This issue is further confounded by the problem that the 
UC/UC composition of lagoonal waters is different from that of ihe open sea, so that the same species of 
shellfish living in different conditions will have vastly different 8 3C values. Given these problems I want to 
restrict the utilisation of the S13C values in this argument and only use them to show that saltwater food in­
take did in fact take place.
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Table 5.11: 5I3C values (in %o PDB) of Pacific food plants, including post-European introductions.
Plant Species Part 513c Locality Source
C3 pathway
Banana Musa sp. Leaf -26.8 PHI W i l l k o m m  1986
Citrus sp. Citrus sp. Leaf -25.6 CAL Smith & Epstein 1971
Bamboo Bambusa vulgaris Leaf -29.5 CAL Smith & Epstein 1971
P a wpaw Carica papaya Leaf -24.9 AUS Troughton et a l . 1974
Y am Dioscorea alata Tuber -25.4 SOL ANU " C laboratory
Y am Dioscorea sp. Tuber -25.1 CUB Keegan & DeNiro 1988
Y a m Dioscorea sp. (red) Tuber -26.3 BEL Keegan & DeNiro 1988
Y a m Dioscorea sp. (white) Tuber -27.0 BEL Keegan & DeNiro 1988
Yam Dioscorea s p . (black) Tuber -27.3 CUB Keegan & DeNiro 1988
Yam Dioscorea sp. Tuber -25.1 CUB Keegan & DeNiro 1988
Y a m Dioscorea sp. Tuber -25.1 CUB Keegan & DeNiro 1988
Taro C o locasia esculenta Tuber -28.0 AUS ANU C laboratory
Taro C o locasia esculenta Tuber -26.6 ??? Evans 1985:5
Sweet potato Ipomoea batatas Tuber -25.7 BAH Keegan & DeNiro 1988
Sweet potato Ipomoea batatas Tuber -27.3 ?? ? Evans 1985:5
Coconut Cocos nucifera Flesh -25.7 ?? ? Evans 1935:5
Coconut Cocos nucifera Milk -22.8 ?? ? E v a n s . 1985:5
Kava Piper m e t h y s t i c u m Root -25.2 TON ANU * C laboratory
Mango M a ngifera indica Skin -25.7 ??? Evans 1985:5
Mango Mang i f e r a  indica Flesh -25.1 ?? ? Evans 1985:5
C4 pathway
Sugar cane Sac c h a r i u m  o f f i cinarum Stem -13.9 CAL Smith & Epstein 1971
Sugar cane S a c c h a r i u m  o f f i cinarum Stem -10.7 ?? ? Evans 1985:5
ANU Sucrose Sac c h a r i u m  offic i n a r u m Stem -10.5 AUS ANU Polach, p e r s . comm
Pineapple Ananas sp. Leaf -13.7 AUS Troughton et al. 1974
Abbreviations: AUS- Australia; BAH - Bahamas; BEL - Belize; CAL - California; CUB - Cuba; PHI - Philippines; 
SOL - Solomon Is.; TON - Tonga.
From the chronological perspective, at least two of the three data sets are roughly contemporary: TO- 
At-1 and -2 and TO-Bi-1 on Makaha’a (Spennemann 1986a: 50), both dating to the 11th to 13th centuries 
AD. The date of burial AK at site TO-Pe-1 is still open to discussion, the estimates ranging from 
Middle Lapita to possibly the Classic Tongan Period. If it were indeed Middle Lapita as argued by 
Poulsen, the lower 8 13C value might suggest a a trend towards more terrestrial diet. It should be kept 
in mind, however, that S 13C values are subject to many factors21 \  while the observed 5 13C differences
21)See footnote 20.
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Table 5.12: 813C values (in %o PDB) of meat and bone collagen for various Pacific animals.
Animal 30" C meat S " 3C bone N Locality
Land mammals
W a l l a b y -9.2 1 PNG
Cow, modern -22.5 1 New Zealand
Marino reptiles
Turtle -10.4 1 PNG
Turtle -17.6 1 Tonga
Marine mammals
Dugong -1.9 1 PNG
Wha l e  (unidentified sp.) -20.2 1 South Africa
Blue whale -17.6 1 California
Whale (fish diet) -12.73 + 0.9 12 California
Whale (plankton diet) -13.87 + 1.1 7 California
Seabirds
F r e g a t a sp. -12.1 1 Yucatan, Mexico
P e l e c a n u s  o c c i d e n t a l i s -13.95 2 Southern California
Compiled after Leach et al. in press; Sealy 1986:71; Rau et al. 1983; Schoeninger & DeNiro 1983; 1984 
Dye pers. comm.
are minor. Two 813C values exist for Lapita burials from Fiji, which also reflect the influence of a 
saltwater diet (table 5.8).
While the S13C values show that saltwater food was a major part of the diet of the Tongans examined, 
we cannot extrapolate from these limited data to the Tongan population as a whole. With the possible 
exception of the Makaha’a burial, we can safely assume that the people lived somewhere close to their 
burial places. In all three cases examined the burial sites are very close to the lagoon or sea, site 
TO-At-2 being the farthest away (750m), so that a priori we can expect some access to saltwater 
resources. The data show this in fact to be the case.
While any quantitative comments are ruled given the problems mentioned above, we can make some quali­
tative comments. We can argue that in order to reduce the negative value that would have resulted from 
the consumption of terrestrial plants with a C3 pathway, the S13C values of the marine component
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Table 5.13: 513C values (in %o PDB) of organic (meat) carbon of various shellfish from northeastern 
Australia.
S p e c i e s L o c a t i o n N S13c S o u r c e
Gastropoda
C onus GBR 1 - 1 1 . 9 B la c k  & B e n d e r  1976
T e le s c o p iu m  d e s c o p iu m TOS 1 - 1 8 . 1 F ry e t a l . 1983
T e c t u s  p y r a m is TOS 3 - 6 . 6 F r y e t a l . 1983
M elo  b r o d e r i p i i TOS 3 - 7 . 6 F ry e t a l . 1983
R h i n o c l a v i s  v e r t a g u s TOS 3 - 4 . 4 F r y e t a l . 1983
T u rb o  b r u n e u s TOS 3 - 1 0 .3 F ry e t a l . 1983
C e r i t h i u m  s p p . TOS 42 - 1 1 .3 F ry e t a l . 1983
S tro m b u s  v i t t a t u s TOS 2 - 1 2 .1 F ry e t a l . 1983
Bivalvia
S p o n d y lu s  n i c o b a r i c u s TOS 6 - 1 2 .4 F ry e t a l . 1983
P i n c t a d a  c h e m i n i t z i TOS 3 - 1 0 .4 F r y e t a l . 1983
C o d a k ia  s p . TOS 3 - 1 6 .4 F r y e t a l . 1983
A n a d a r a  a n t i q u a t a TOS 1 - 8 . 7 F ry e t a l . 1983
T r i d a c n a  s p p . TOS 1 - 1 2 .7 F ry e t a l . 1983
T r i d a c n a  s p p . GBR 1 - 1 6 .0 B la c k  &: B e n d e r  1976
P i n n a  s p . TOS 2 - 1 3 .7 F ry e t a l . 1983
Iso g n o m o n  iso g n o m o n TOS 2 - 1 5 . 6 F r y e t a l . 1983
Antphineura
C h i t o n  s p p . TOS 1 - 3 . 1 F r y e t a l . 1983
Locations: GBR - Great Barrier Reef; TOS - Torres Strait.
needed to be as at least as negative or preferably less negative than the determined value for the 
human collagen. In this light it is worth noting that the measured 513C values for human collagen are 
very substantially skewed towards the marine value and in fact resemble those determined for the flesh 
of pelagic fish (table 5.13). Since all major foodplants on Tonga have a C3 pathway (table 5.11), the 
input of saltwater food must have been very substantial.
This intake may have been met by either shell-fish or fish, let us assess the possibilities. Given 
the relative similarity of the 513C values of human collagen with those for pelagic fish and given the 
known utilisation of taro and yams as part of the diet, it appears that any fish diet consisted of 
fish with relatively positive 513C values, i.e. fish on a low trophic level. As is evident from table 5.13,
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Table 5.14: 8 13C values (in %o PDB) for organic (meat, collagen) carbon in various fish of Tonga and 
the Southwest Pacific.
Species 5 13C meat 813C coll. N Locality
Reef fish - coral feeders
Callyodon ghobban -15.9 1 Torres Strait
Reef fish - algae/sea-grass feeders
Monocanthus oblongus -7.8 20 Torres Strait
Hemlrramphus far -13.8 1 Torres Strait
Siganus rlvulatus -14.6 1 Torres Strait
Reef fish - predators (molluscs-arthropods)
Holocentrus suborbitalia -13.6 1 Southern California
Reef fish - predators (fish)
CARANGIDAE -17.0 9 Torres Strait
Pelagic fish
Thunnus albacores -16.2 7 Eastern Pacific
Katsuwonus pelamis -16.1 9 Eastern Pacific
Katsuwonus pelamis -14.2 1 Southern California
Oxyporhamphus sp. -16.7 7 Eastern Pacific
Exocetus sp. -16.7 8 Eastern Pacific
Wahoo -18.1 1 Great Barrier Reef
Leiognathus bindus -16.0 11 Torres Strait
Epinephelus sexfasclatus -14.8 7 Torres Strait
Priacanthus tayenus -15.9 8 Torres Strait
Upeneus tragula -16.6 1 Torres Strait
Cartilaginous fish
Carcharlnus sp. (1) -15.9 1 Eastern Pacific
Hlmantura uarnak (ray) -15.1 1 Torres Strait
Amphotlstius kuhlli -13.7 1 Torres Strait
Notes: (1) - Silky shark. Abbreviations: coll. - collagen. Compiled after Rau et al. 1983; Black & Bender 
1976; Schoeninger & DeNiro 1983; Fry et al. 1983.
reef fish, mainly those feeding on algae and sea grass, have S13C values which are lower than those of 
pelagic fish. The hypothesis that mainly reef fish were components of the marine diet is strengthened 
by the preliminary analysis of fish remains from the Pangaimotu sites, where reef fish make up the 
bulk. It is also strengthened by observation of the paddler’s shoulders among the ’Atele men. Given
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the lack of substantial shell-midden deposits and the almost total lack of shelldump in the inland 
areas, this solution appears likely. However, the exercise on the shellfish size has shown that the 
the predation pressure on shellfish did not decrease after the end of the pottery-producing period, 
but continuously increased. Therefore it is likely that both reef fishing and shellfishing contribu­
ted to the saltwater component, but that the shellfishing was restricted to populations living 
directly at the coast.22)
Nitrogen (1SN) and sulphur (34S) isotopes
Nitrogen isotopes (15N) can be used to determine the dietary habits of individuals, with more positive 
values for creatures living on saltwater food. However, as noted by Schoeninger & DeNiro (1984), an 
increased intake of food from inshore coral-reef environments will lead to a smaller 15N value, which 
could be interpreted as indicating a more land-based diet. This is mainly due both to surface run-off 
washing nutrients into the lagoon and to limited mixing of waters in this environment. Leach et al. 
(in press) have analysed the burial from TO-Pe-1 and 20 samples from the ’Atele mounds. The nitrogen 
values are identical (10.2 + 0.2) for both sample sets and are the most ‘terrestrial’ values for human 
material in their entire study. By comparison, the Lakeba burials have a more ‘saltwater’ value (11.2 
+ 0.5). Surface run-off also affects sulphur values, with food obtained from brackish-water environ­
ments giving values which look more like a land-based diet. Leach et al. (in press) have analysed the 
burial from TO-Pe-1 and four samples from the ’Atele mounds. In this analysis the Tongan data are si­
tuated in the centre of the field, with a tendency towards saltwater food.
Summary of evidence
We can conclude from the analysis of the stable carbon isotopes that the individuals concerned lived 
on a mixed terrestrial and saltwater diet, in which the saltwater component formed a substantial part. 
The analysis of nitrogen (15N) and sulphur (34S) isotopes strengthens the suggestion of a mixed ter­
restrial and saltwater diet for the ’Atele populations.
2T> it should be noted, though, that it is possible shellfish was taken inland in a processed state, i.e. 
cooked or dried, which would create no shell dumps in the inland areas ( c f  Meehan 1982: 117 for an example).
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POST-LAPITA SUBSISTENCE PATTERNS 
ON TONGATAPU IN A DIACHRONIC PERSPECTIVE
Let us now summarise what we have leamt on this matter.
Cultivation and animal husbandry
Given the bad preservation conditions for bone, data on animal husbandry are limited. As has been 
shown in chapter 3, pig and chicken occur on Tongatapu in the Lapita Period. The limited faunal data re­
covered show that both animals were present and exploited through time until today. If the pig data 
from TO-Pe-6 (table 5.1) are any guide, pigs were predominantly slaughtered when they had reached an 
age of 6-10 months. The absence of dog bones both from Lapita and later contexts shows at most that 
dogs were not regarded as a normal part of the diet. It is not evidence for the lack of dogs in pre- 
European times.23)
The evidence for cultivation is hard to come by, as plant remains commonly do not survive. Circumstan­
tial evidence is provided by pits, which are commonly interpreted as storage and/or fermentation pits 
(but see the caveat in chapter 3). These pits have been documented from the Lapita Period through to 
the ethnographic present (Rogers 1973). The area excavations at Veitongo provided information on plan­
ting holes, possibly for yams, arranged in rows, which have been argued to be older than AD 750.
Marine exploitation
The closure of the lagoon at the end of the Lapita Period brought about changes to the environment. 
Shellfish species with a low salinity tolerance, such as Anadara, gradually died out. Today they can 
only be found at the lagoonal entrance. The loss of Anadara stocks was made up by an increased exploi­
tation of Gafrarium, as well as supplementation of the shellfish diet by hitherto less exploited or 
unexploited shellfish species, such as Quidnipagus palatam and Ruditapes variegatus, both muddy-bottom 
species at home in the lagoon.
23) If dead dogs were unceremoniously buried somewhere in the bush, they would largely escape archaeological 
recognition. Excavations in the modem rubbish pit TO-Pe-51 produced the burial of one kitten and two piglets, 
which had been dumped in the pit and covered with earth against scavengers.
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While the sites on Pangaimotu indicate a heavy exploitation of fish, no fish bones were recovered from 
any of the inland sites. The presence of fish bones in the Late Lapita inland site TO-At-96 shows that 
fish were indeed brought inland at one point in time, so that the absence of fish bones elsewhere may 
be due to geochemical processes. However, the total absence of fish bones from sites TO-Nu-50 and TO- 
Nu-51 on the M a’ofanga peninsula, despite favourable geochemical conditions, indicates that the matter 
is more complex and that other factors, including those relating to social status, may be be respon­
sible. The stable-isotope composition of human skeletal material has shown that diet during the post- 
Lapita Period was mixed and that saltwater food was consumed in no small quantity. It could not be 
established, however, whether this consumption was of fish or shellfish. Trace-element analyses to 
this effect are in progress (Fuavao & Spennemann). A case has been made that if the consumption of 
saltwater food consisted of fish, it is likely to have been reef and not pelagic fish. This is under­
pinned by the composition of the fish bones assemblages where reef species dominate. The assessment of 
the skeletal evidence has shown that men were involved in work requiring the paddling of canoes and it 
has been suggested that this may be in the course of fishing. This evidence is in line with the argu­
ment that fish were consumed. It should be noted, however, that the excercise of the shellsize deve­
lopment has shown that shellfish consumption continued and even increased, although no large-scale 
dumps have been found. It has been explained that it may be possible that shellfish dumping continued 
along the shores but the positive recognition of the post-Lapita midden has been made impossible due 
to postdepositional mixing with the underlying Lapita middens.24*
DEM OGRAPHY
The demography of the Tongan islands in pre-contact times is a bone of contention. In this section I 
will address the question of the size of the population of Tongatapu at the time of contact and will 
review the data for the prehistoric population. The discussion will set the stage for the 
consideration of the settlement evidence in chapter 6.
24* Along the lines outlined in footnote 8.
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The demography of Tongatapu at contact
Detailed work has been carried out by Maude (1965), McArthur (1968), Walsh (1970), and more recently 
Bakker (1979), using demographic techniques, while others such as Green (1973), have approached the 
question in other ways. The available eyewitness estimates, educated guesses and census data on the 
population size of Tongatapu are summarised in table 5.15.
Assessing the size of the Tongan population as a whole, and the population of Tongatapu in particular, 
is fraught with problems, deriving from the inaccuracy of the eyewitness estimates, ‘natural’ popula­
tion fluctuation within the Tongan islands, increased fluctuation as a result of the Civil Wars and 
the possible occurrence of epidemics which went unrecorded. Known epidemics are the measles epidemic 
of 1893, which killed about 5% of the population (Thomson 1894:286, 373), a bronchitis epidemic in 
Vava’u in 1888 (Leefe 1889) and the influenza epidemic of 1918 (Gifford 1929: 330; Lambert 1934:16), 
when about 16% of the population died. The missionary Williams says that in the early 1830s ‘succes­
sive attacks of dysentery and other diseases’ (Williams 1837:308) decimated the population. Some less 
well authenticated examples are on record. Thomson (1898:372) says that in 1776, i.e. a year before 
Cook’s second visit to Tonga, an epidemic called ngangau (literally headache) ravaged Tongatapu and 
many hundreds perished. The same disease is reported to have been brought to Tonga from Fiji sometime 
between 1811 and 1812 and so many died that people ‘were not able to carry the dead away and bury 
them’ (Turnbull 1805:388, 394; Gifford 1929:209; the same disease as mentioned by Williams?). It is 
obvious from numerous sources (Williams 1837:308; Anonymous [Vason] 1810) thatthe population declined 
during the Civil Wars, due both fighting and, more importantly, to starvation because the fields 
could not be tilled. Food shortages and famines are recorded on Tongatapu for 1836 and 1840 (Moulton 
1914:422). Census figures are available from 1891 onwards, although the accuracy of the earliest 
returns has been questioned (McArthur 1968:77-78).
The earliest eyewitness estimate was advanced by Cook who reported about 12,000 people along the coast 
of Tongatapu in 1777. His estimate has frequently been doubted, on the grounds that numbers would 
have been swelled by visitors from outer islands (Bakker 1979; McArthur 1968). However, the number of 
such visitors could well have been equalled by the number of residents who stayed at home to look
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after small children and tend the gardens. Be that as it may, I am inclined to assume that the popula­
tion of Tongatapu at the time of Cook’s visit was in excess of 12,000 people.
Beveridge (1824), who has provided the most detailed pre-census eyewitness breakdown for the principal 
villages of Tongatapu (table 5.16), gives a total figure of 34,800 people, which is much higher than 
that of any other source.25-* Urbanowicz (1972: 92 note 1) argues that he wilfully overstated the figu­
res in order to ‘convince the Wesleyan missionaries ...of the tremendous sales market for material 
goods and Christianity’. However, Reverend W.Lawry, who was acquainted with Beveridge (he came out on 
Beveridge’s ship) and stayed as a missionary in Tonga in 1822-1823, would have been able to correct 
these figures if they had been blatantly wrong, particularly since he had much more on-shore experi­
ence in Tonga than Beveridge. Lawry, however, in co-operation with the other resident missionaries, 
assumed a total population of 50,000 for all Tonga in 1847 (Lawry 1850:111) and planned a Tongan bible 
edition of 50,000 copies. Matoto (1971, quoted after Thaman 1976:88) also assumes a pre-contact popu­
lation of about 50,000 for Tonga overall, which, using the proportions of the 1891 census, gives a 
population of almost 22,000 people on Tongatapu. According to Dumont d’Urville (1835), the missiona­
ries mentioned to him in 1826 that Tongatapu could field 5000 warriors and that the district of Hihifo 
had about 4000 inhabitants, a figure tallying nicely with Beveridge’s estimate two years earlier. 
Unless one accuses the missionaries of deliberate misrepresentation, we can accept the magnitude of 
Beveridge’s population estimates.
The palaeodemography of Tongatapu
In this section I do two things. I assess previous population estimates to determine the size of 
population we have to accommodate in the settlement analysis to be conducted in chapter 6. I also try 
to establish a time when we can assume that Tongatapu was completely settled, as such a ‘full-land’ 
situation provides us with a possible starting point for any intensification of horticultural 
activities and social interactions and pressures.
25^ If we add the numbers given by Beveridge (c/. table 6.8), we arrive at a total of 34,000.
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Table 5.16: Population estimates and censuses for Tongatapu. C- census; E - eyewitness estimate; G - 
(educated) guess; I - intercensal estimate based on previous census and birth/death rate; M - 
mathematical calculation, based on carrying capacity.
Y e a r  Type P o p u l a t i o n 2D e n s i t y / k m Sou r c e
p r e - 1 7 7 7 G 8,650 35.31 T h o m p s o n  1 8 9 8:372 11
p r e - 1 7 7 7 M 12,550 51.02 G r e e n  1973, m i n i m u m
p r e - 1 7 7 7 M 19,000 77.55 G r e e n  1973, p e a k
p r e - 1 7 7 7 G 21,9 5 0 89.59 M a t o t o  1971
1777 E 1 2 , 0 0 0 + 48.98+ C o o k  1967
1796 E 25,0 0 0 102.04 P e r o n  in M a u d e  1,965:26
1799 G 13,000 53.06 M a u d e  1965:27 x)
1800 G 1 5 - 2 0 , 0 0 0 6 1 . 2 2 - 8 1 . 6 3 U r b a n o w i c z  1972:92
1824 E 34,800 142.04 B e v e r i d g e  1824
1826 E 15,000 61.22 D ' U r v i l l e  1835
1826 E 20,000 81.63 S i n g l e t o n  in D ' U r v i l l e  1835
1830 E 12,000 48.98 W a l d e g r a v e  1833:186
1832 E < 1 7 , 0 0 0 <69 . 3 9 A n o n y m o u s  1833a; D u n c a n  1833
1840 E 8,000 32.65 W i l k e s  1845: III 29
1840 E 10,000 40.81 W i l k e s  1845: II 7 3)
1847 E 21,500 89.59 L a w r y  1850:111
1848 E < 1 0 , 0 0 0 <40.81 P r i t c h a r d  1849
1849 E <20 , 0 0 0 <81.63 E r s k i n e  1853
1853 E 9658 39.42 Am o s  in Y o u n g  1854: 2 3 5
1865 E 8-10,000 3 2 . 6 5 - 4 0 . 8 2 M e a d e  1871:211
1865 E 9, 000 36.73 B r e n c h l e y  1873:137
1874 E 10,810 44.12 S t e r n d a l e  1874 in M c A r t h u r  1968
1876 E 8,000 32.65 W i l d  1878:89
1880 E 12,000 48.98 C o p p i n g e r  1 8 8 5:169
1882 E 13,170 53.76 B e l t r a n  y R o z p i d e  1882
1891 C 7,162 29.23 M a u d e  1965:26
1891 C 8,454 34.51 T h o m p s o n  1 9 0 2 b : 179
1900 I 7,943 31.27 G i f f o r d  1929
1917 I 10,155 41.44 G i f f o r d  1929
1921 C 9, 740 39.75 G i f f o r d  1929
1931 c 12,357 50.43 W o o d  1938
1939 c 15,324 62.55 A n n u a l  C o l o n i a l  Report 1949
1956 c 31,264 127.61 T u p o u n i u a  1958
1966 c 47,920 195.59 F i e f i a  1967
1976 c 57,411 234.33 G o v e r n m e n t  of Tonga 1976
1986 c 63,614 259.65 M u l k  1987
following the system proposed by Green (1973), these figures are calculated from the proportion of the Tonga­
tapu population to the total Tongan population in the 1891 census returns. There is justification for this 
approach, as the proportions of island populations to each other do not change dramatically between the 
missionary estimate of 1840 and the 1891 census. “ missionaries’ estimate;J Wilkes’ own estimate.
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Table 5.16: ‘Principal towns, villages and population o f Tongatapu with the names o f their chiefs’. 
Table presented by John Beveridge, captain o f the ship St.Michael, in a letter to Revd. L.Erskine of 
Sydney dated November 1824. Beveridge’s spelling and the modem equivalent are given. The numbers 
refer to the map o f figure 6.41
T O W N C H IEF
B e v e r i d g e  M o d e r n B e v e r i d g e  M o d e r n P o p u l a t i o n
1 E h e e f o H i h i f o At a At a 4000
2 T a g i o o T e 7e k i u M o o t o o a  b u a c a M o t u a p u a k a 2000
3 F a h e f f a F a h e f a Va halla 3000
4 V a  dio H a 7 a t e i h o M a t t a  ili M a t a 7ili 1000
5 N o o g o o  n o o g o o N u k u n u k u Tooi V a c a  Noa T u i v a k a n o 2000
6 H o o r o / H o o n a ??? M a f a i n a 2000
7 Homa H o uma V y a  ... Phenow. V a e a 4000
8 O o d o o l a u 'Utulau V a l o o V a l u 2000
9 Bau Pea (?) Lava e a  T a i o u f a H a vea T a i o f a 4000
10 N i o u c a l o f f a N u k u 7 a lofa L a u m o o l o o a L a u m u l u 7 a 500
11 V y n e i V a i n i Ma f  uo M a 7 afu 1000
12 O l o n g a H o l o n g a C a b o o  Cava K a p u k a v a  -. 2000
13 Fo u a  M o t o o F u a 7 a m o t u M o h o l a m o o M o h u l a m u 3000
14 F o oni F o'ui C a n a g a t a K a n a g a t a 400
15 Noi Hoi G n a h o  t o nga 2sy°16 T a l a f i a T a l a f o 7 ou Lowa g e
17 T a l a g e h a p a i T a i i k i h a 7 apai Tofo o a Tofua 2)
18 M a f a n g a M a 7 ofan g a Fucca fonooa F a k a f a n u a 400
19 T a k e m a t o n g a T a t a k e m o t o n g a F a t o o  M i s s i o u
H a u u  Matanget.. • 100
20 A  C h i n e H a 7 asini Cava lugoo K a v a l i k u 100
21 N u c u l a i h i N u k u l e k a Tooi Fooua T u 7ifua 100
22 Hule Hule N o o g o o N u k u 200
23 C o l o n g a K o l o n g a Tooi tui fuo T u 7i t uifua 100
24 N a m a m o o r i T a m a n e e T a m a l e 100
) a title, not a name; * cannot be read, but not a figure; ) no longer existing as a village; cannot be 
identified; if the reading of Tamale for Tamanee is correct, then the village is Niutoa, in the northeast of 
Tongatapu.
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Figure 5.15: Map showing the population density at various locations in 1824 (after Beveridge).
Figure 5.16: Map showing the locations of the villages mentioned in Beveridge’s census of 18^4.
(The numbers refer to table 5.16)
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1
Previous work
Green (1973) discards all pre-census data and bases his own estimates on calculations of the carrying 
capacity of Tongatapu."6^  He reviews the available data, which range from 0.15 to 0.45 acres per head 
and y e a r  and argues that modem data are inapplicable given the influence of cashcrops. He also 
points out that many authors forget the acreage needed for treecrops. Employing acreages of 0.32, 0.35 
and 0.4 APCA and using swidden cycles of various length, he calculates an average total acreage of 1.8 
+ 0.2 acres per capita28), which he uses for the calculation of the carrying capacity. In order to 
allow for variation, he also calculates populations on the basis of 1.6 + 0.2 and 2.0 + 0.2 acres.
He concludes that the population of Tongatapu would have been 13,000 and 17,000 people, with a peak 
population of 19,000, in pre-European times. For the 18th century he suggests a figure of 16,000 + 
1,000 people. His calculations (Green 1973:70 table 3), however, show that based on an total per 
capita acreage of 1.8 + 0.2 and a fu ll utilisation of arable land, almost 31,000 people could be 
sustained. A figure of 12,000 people would only require 40% of all arable land on Tongatapu to be 
actually cultivated, while 19,000 people would require 62%.
26^
Since most previous calculations and formulae have been established on the basis of imperial measurements 
(acres) rather than then metric system (hectares), I will use acres as the basis of calculations.
27) Since this term will occur frequently in this section, I use the abbreviation APCA to mean ‘annual per 
capita acreage’.
28) There is a flaw in Greens calculations, as he assumes that in a cycle comprising two planting seasons and 
eight seasons of fallow (2/8 swidden cycle) the same plot is used continuously for two years, after which a new 
plot is cleared, which in turn is used for two years. In reality, however, a newly cleared plot is used for the 
prime crops (in Tonga yams) during the first year and for secondary crops (in Tonga taro or sweet potato) 
during the second year, while a new plot has been cleared for the prime crops. Thus at any one time, at least 
two plots are under cultivation. On the basis of 0.4 APCA, such a system utilises two plots of 0.2 
acres each and requires 3.6 acres as the total per capita acreage and not 2.0 as calculated by Green.
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Green supports his low population estimate with an appeal to the lay-out of plantations (for detail 
see chapter 6) seen by Cook and his officers. In short, the density of plantations became less the 
further inland they went. It needs to be pointed out, however, that Cook and his officers saw evidence 
of cultivation even in areas far away from the lagoonal shores.
Kirch’s (1984:222) approach is to calculate the time it would take to achieve a ‘full-land’ situation, 
i.e. all arable land was under cultivation. To do so, he uses Cameiro’s (1972) formula, assuming 0.4 
as APCA, a two-year utilisation period of a cleared land plot and a ten- year fallow period (2/10 
swidden cycle). He concludes that the ‘full-land’ situation would be reached 1091 years after initial 
settlement, if the founder population totalled 100 people.
As Kirch rightly points out, this ‘full-land’ situation could have been reached during Late Lapita 
times, if the profusion of Late Lapita sites is any indication. He then argues, that the ‘full-land’ 
situation at the end of Late Lapita would have provided the population density needed to develop a 
hierarchical society. What needs to be noted in this context is that Kirch’s calculation of a ‘full- 
land’ situation is based on a total per capita need of 2.4 acres, which implies that population had 
reached a size of 23,058 people.
New calculations taking the marine-food component into account
Both Green’s and Kirch’s models are based exclusively on the utilisation of horticultural resources 
and completely ignore any saltwater component. While this does not affect Kirch’s model initially, as 
the ‘full-land’ situation is a horticultural concept, it affects the social conclusions he draws from 
the data. Any marine input in the calculations would provide more people and thus either a greater 
population at the end of the pottery-producing period or an earlier start to the social developments 
he invokes.
As we have seen above, marine food continued to form part of the Tongan diet in the post-Lapita 
period, though,as dicussed in detail, no quantification is possible. What can be said, however, is 
that any estimate relying on horticulture only, is bound to substantially underestimate the amount of 
food available.
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I want now to derive three figures to be used for future approximations: the size of the total 
population, the number of households, and the years it will take to arrive at a ‘full-land’ situation 
using various parameters. All three figures will be calculated on the conservative side.
Size o f population
If, for the sake of argument, we use Green’s value of 16,000 + 1,000 people as a stable population by 
the 18th century, then this population requires 52 + 3.25% of all arable land on the basis of an 
entirely horticultural diet. If we assume a saltwater-food component of only 10% (20%) of the entire 
nutritional intake (kcal, proteins etc.), then the same population would only need about 47% (42%) of 
the arable land for gardening. It is obvious that there are so many imponderables in this estimation 
that no accurate approximation can be made. Therefore, I shall point out the limits within which the 
solution will lie. If we assume that saltwater food makes up 10% (20%) of the nutrition, then the 
maximum population size, on the basis of a very conservative value of 0.5 APCA and a 2/10 swidden 
cycle, would be about 20,300 (22,150) people. If we use a value of 0.32 APCA and a 2/8 swidden cycle, 
then we get 38,100 (41,550) people. Given these calculations, European estimates of almost 35,000 
people on Tongatapu are not out of range. Using the European observations of a decreasing density in 
gardening the further away we go from the lagoon, I assume a 60% land use to arrive at the 
conservative estimates of 12,200 to 25,000 people (minimum and maximum of the models outlined above). 
I will use these conservative figures in some of my calculations.
Since inland pottery-bearing sites are scattered all over Tongatapu, an overall 60% land use, with a 
‘full-land’ situation at the lagoonal shores and an ‘empty-land’ situation at the liku coast appears 
unlikely, as pottery exists in areas far away from the lagoonal shore. It is possible, however, that 
the annual per capita acreage was greater than 0.4 or, alternatively, that plantations were not 
adjacent, but separated by substantial stretches of bush.
Number o f households
To calculate the number of households on Tongatapu, I use the size of the modem land allotment ( ‘api 
uta) of 8.25 acres as the basis of my calculations. This area has been encoded in Tongan land law,
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which is in principle and spirit based on the Tongan Constitution of 1865. In addition to this, there 
is a town allotment (’api kolo of 0.25 acres. It is likley that the total of 8.5 acres be a unit 
relatively representative of the pre-1865 situation.
On the basis of a total land requirement of 8.5 acres per household, the maximum number of households 
supported by the arable land, assuming that everybody lived on their plantations, is 6,517. Assuming 
a 60% use of arable land, we are dealing with about 3,900 households.
Time needed to arrive at a ‘full-land’ situation
Using Cameiro’s formula, as employed by Kirch, we can calculate the time it took for the entire 
island to be settled and turned into garden land (‘full-land’ situation). In his model calculation, 
Kirch arrived at a figure of about 1100 years for this to be achieved on Tongatapu, i.e.
sometime during the Late Lapita. I have conducted similar a similar exercise, but changed the 
values of the variables, namely annual per capita acreage29), number of years a plot is re-used, the 
size of founding population (25,50, 100) and the intrinsic growth rate.30)
 ^ Apart from the values used by Green and Kirch (0.35 and 0.4 APCA), I have run calculations with 0.5 APCA, 
for a very conservative estimate of land need, assuming extensive clearing and 0.1 and 0.15 APCA. The 
justification for including the latter figures is as follows. Green possibly correctly argues that modem 
acreage data, such as the 0.32 acres per capita calculated by Maude (1965:142-143), are unreliable because of 
the influence of cash cropping. Thus another approach was taken. The oldest Tongan census containing household 
data (Tupounuia 1956) the household size on Tongatapu vary between 6.3 persons per household in the rural areas 
to 7.4 in Nuku’alofa, with an average of 6.7. Based on the 8.25 acres land allotment the total per capita 
requirement of garden land is 1.22 acres, which in a 2/10 swidden operated according to the rales set out in 
footnote 28 translates to 0.11 APCA.
30) The average life expectancy of the prehistoric Tongan population is unknown. If we use the skeletal data 
from the ’Atele mounds, as has been done by Kirch, then the average life expectancy at birth is 16.95 years, 
with 50% of the total population dying before reaching the age of 8 and approximately 55% of the (female) 
population before the beginning of the menarche. Thus the average reproductive lifespan, assuming an early 
menarche, is limited to one or two childbirths.
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Based the varying values, the ‘full-land’ situation was reached between 524 and 2851 years after 
initial settlement (table 5.17). Assuming a founder population of 50, an intrinsic population growth 
rate of 0.005 and a personal land-plot requirement of 0.1 APCA. The vital assumption in this exercise 
is that of the intrinsic growth rate of the population. If we assume a rate of 0.01, then the ‘full- 
land’ situation is reached roughly between 500 and 900 years after colonisation; a growth rate of 
0.005 gives 1000 to 1600 years, one of 0.003 1700 to 2700 years. Given other population models of fast 
-growing settler populations and dramatically reduced growth rate among established populations (see 
Kirch 1984:100 ff.), any variation of growth rates over time is possible, but one of 0.003 is most 
unlikely for the initial period.
As a result of this exercise, we can expect a ‘full-land’ situation anytime between 500 and 1500 years 
after initial colonisation. Given the number of secure 14C dates for Early Lapita sites belonging to 
the the 9th and 10lh century BC, this situation had quite clearly been reached sometime during the 
Late Lapita Period. This is confirmed both by the early date for the move of settlement inland (site 
TO-At-96, about 360 BC) and the large number of pottery sites in the inland areas. We can expect that 
some intensification of settlement took place in the period thereafter.
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Table 5.17: Time required to reach a ‘full-land’ situation on Tongatapu, based on the annual garden 
requirements of 0.35, 0.4 and 0.5 acres per head of population and 2 or 3 years of continuous use of 
the same cleared plot. The time (in years) has been ciculated for different population growth rates 
(0.003, 0.005 and 0.01) and different sizes of the founder population (25, 50, 100 people).
G r o w t h  rate 0.003 0.005 0.01
F o u n d e r
P o p u l a t i o n 25 50 100 25 50 100 25 50 1
0.1 acres
2 y e ars 2742 2511 2279 1647 1508 1369 826 756 686
3 y e ars 2851 2619 2388 1712 1573 1434 858 789 719
0.15 acres
2 y e ars 2607 2375 2144 1566 1427 1288 785 715 645
3 y e ars 2715 2484 2253 1631 1492 1353 817 748 678
0.35 acres
2 y e a r s 2324 2093 1861 1396 1257 1118 700 630 560
3 y ears 2433 2201 1970 1461 1322 1183 732 663 593
0.4 acres
2 y e ars 2279 2048 1817 1369 1230 1091 686 617 547
3 y e ars 2388 2157 1925 1434 1295 1156 719 649 580
0.5 acres
2 years 2205 1974 1742 1324 1185 1046 664 594 524
3 years 2314 2082 1851 1390 1251 1112 696 627 557
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Figure 5.17: Age and sex composition of the skeletal population from site TO- 
At-1 (data after Pietrusewsky 1969).
<1
1-4
4-8
12-18
20-25
25-30
30-35
35-40
>40 ' - I -
Total
TO-At-2
D
E
0 5 10
Figure 5.18: Age and sex composition of the 
skeletal population from site TO-At-2 (data after Pietrusewsky 1969).
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CHAPTER 6
THE PATTERN OF SETTLEMENT
The aim of the chapter is to see how the population discussed demographically in the last chapter was 
distributed over the landscape and what principles underlie the patterning.
I start with the situation as described by the European eyewitnesses. I then look at the 
archaeological reflection of settlement in the landscape. This is done at two levels: i) sample 
surveys of Tongatapu overall and ii) a detailed survey of a transect from the lagoon to the southern 
weather shore, the so-called H a’ateiho transect.
The emphasis is on the density and distribution of earth mounds. These are the most prominent feature 
o f the Tongan archaeological landscape and can be divided into house and burial mounds. The ultimate 
aim is to see their numerical relationship to the probable size of the island’s population and so to 
evaluate the status of their occupants within the Tongan social system.
SETTLEMENT PATTERN AS DESCRIBED BY THE EARLY EUROPEAN VISITORS
Distribution of settlement
All European visitors arriving later than Tasman (1643), who only saw parts of Tongatapu and Nomuka, 
mention that the Tongan islands they visited, usually Tongatapu, ’Eua, Nomuka or Lifuka, were laid out 
in a system of plantations. No villages existed except for the capital at M u’a and the houses stood in 
the middle of well-fenced plantations.^ The Tongans refer to this as fanongonongotokoto (literally 
‘sending news while reclining’), which indicates a dense, but dispersed settlement pattem. It consis­
ted of independent, roughly rectangular, fenced compounds (’api) adjoining each other, which contained 
both habitation sites and plantations. Access to the compounds was provided by a system of roads. 
Burial mounds, often surrounded by trees providing shade, were placed in an unenclosed area of 50-100 
metres square at the intersection of major roads (Cook 1969: 252; Wales 1969: 812).
1} Cook 1777:1 194; 213-14; 1967a: 111, 141; Wales 1969: 812; Elliott 1984:21; Wilson 1799: caption of map; La 
Perouse 1799: I I 172; Anonymous [Vason] 1810: 130.
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Tongatapu seems to have been thickly settled, except for the area near the southern and southeastern 
liku coast, which Anderson describes as only sparsely inhabited (1967b: 1004-1005). The northern side 
of the island was densely populated, with plantations and houses extending directly to the shore (Led- 
yard 1963:28). Anderson mentions that, coming from the northern shore, the island was densely settled 
‘for above a mile’. Behind this, for ‘a mile or two,’ the plantations were bigger and more dispersed. 
Beyond this was uncultivated country covered with high grass, but also with occasional coconuts, which 
Anderson took as sign of some cultivation. The southern liku coast was uninhabited according to Mari­
ner (Martin 1827:11 228; 1981:384), as one could not land a canoe there. Based on the sparse evidence 
of Ledyard, Anderson and Mariner, it seems as if a tripartite settlement pattern existed on Tongatapu: 
a zone of densely set ’api near the northern shore, about 1-1.5km wide, a zone of larger-sized plan­
tations about 1.5-3km wide and a zone of limited cultivation and habitation beyond. The areas directly 
at the southern and eastern shores were completely uninhabited. Kennedy (1959) and Wiemer (1985) assu­
me that while settlement was dispersed, there would have been clusterings of habitations.
During the beginning of the 19th century this settlement pattern began to change dramatically because 
of the outbreak of extended civil strife, which made the congregation of people in fortifications 
necessary (Martin 1817; Wilkes 1845:111 1-45; Anonymous [Vason] 1810). Since the fighting was not con­
tinuous, but occurred in spells, the population reverted to the traditional style of living in peace­
ful times, as indicated by some authors (Orlebar 1833:49; Bennett 1832). By the end of the Civil War 
in 1852 the population had once again congregated in fortified villages. For reasons discussed further 
below (chapter 9), this settlement pattern was to stay and almost all modem-day villages can be tra­
ced back to fortifications erected during the Civil Wars.
Administrative organisation of settlement
Although the settlement was of a dispersed nature, it was laid out in an organised manner. The only 
early source for political organisation is Mariner who stayed long enough in Tonga to leam about this 
facet of Tongan society (Martin 1817: II 216; II dictionary; 1827: II 174). According to him every 
island was divided into three districts, apparently administrative units, which were obliged to pre­
sent foodstuffs during the ' inasi (first fruits/harvest) ceremonies (see Appendix 1): Hahake in the
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east or north, Hihifo in the west or south and M u’ a in the centre. The administrative centre was in 
the M u’ aP The best-known example of this is, of course, Tongatapu, where the capital place itself 
was called M u’a, where the rulers had their houses. However, as Mariner indicates for Vava’u (Martin 
1817: I 158), an administrative centre (‘metropolis’) existed also in the M u’a of Vava’u (see also 
‘Code of V ava’u 1839’ Section 8, Latukefti 1974:224).
If each island was divided into three administrative districts, we can also assume that each district 
was supplied with one administrative centre, which in all likelihood was by no means as elaborate as 
the one at each m u’a. Nonetheless, such an administrative centre would have contained at least one 
large meeting or kava house i f  ale hau) for \h tfo n o . We can also expect some concentration of house- 
sites, which one might pick up archaeologically (but see Appendix 2).
DISTRIBUTION OF SITES 
General
In principle, a discussion of the spatial distribution of sites might arrive at a reconstruction of 
prehistoric territorial and possibly even administrative boundaries. In the ideal situation the terri­
torial boundaries are field monuments, such as the stone-walled field and household (ward) systems of 
Samoa (Holmer 1980a) or the soil-walled vuci gardens of Fiji (Parry 1984), to quote two regional
2) The four points of the compass in Tongan terms are hihifo (west), hahake (east), tokelau (north) and tonga 
(south). It appears that the terms for the administrative districts on Tongatapu were also applied to islands 
extending more north-south than east-west, such as Vava’u (Martin 1817: II dictionary). These terms should not 
be confused with purely geographical, though universal terms, such as liku. The southern areas on Tongatapu were 
called liku, a term generally used for the weather shore (c/. Wilson 1799: caption of map). The administration 
of modem Tongatapu has maintained the tripartite division, the districts being Vahe Hihifo in the west, Vahe 
Hahake in the east and Vahe Loto in the centre. Loto, meaning midland, was a term already known to Mariner (Mar­
tin 1817: II dictionary), but apparently not used in an administrative sense. It may well be that the term mu’a 
was changed to loto as a purposeful break with the old regime after the end of internecine warfare. As there is 
no evidence that the boundaries of the present vahe are representative of the pre-1865 situation, they will not 
be discussed here in detail.
The tripartite character of districts and therefore administration of ‘any island’ (Martin 1817: II 216, 
emphasis mine) is interesting in that it parallels the tripartite form of government at the time (Tu’i Tonga, 
Tu i Ha’atakalaua and Tu’i Kanokupolu). If there is any connection, then the administrative structure would be 
post-1600, coinciding with the creation of the Tu’i Kanokupolu and the restructuring of the political arena. It 
is worth noting that Dillon (1829) describes Nuku’alofa as a ‘district’. Vason (Anonymous [Vason] 1810:72) men­
tions that Tongatapu was divided into three districts, Hahake, Hihifo (an ‘extensive district’) and Ardeo (Ha’a- 
teiho). Elsewhere he mentions Ma’ofanga (ibid. 176), Hahake, Mu’a, Ardeo and Hihifo (ibid. 162) as districts. 
While Mariner is very specific about the administrative character of his districts, it appears that Vason and 
certainly Dillon used the term more in the geographical than in the administrative sense.
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examples. This, however, is not the case in the Tongan context, due with its lack of stone and 
absence irrigated or swamp taro cultivation. In such a situation one has recourse to mathematical 
constructs, such as Thiessen polygons (cf. Hodder & Orton 1976:53 ff.). While this approach has taken 
the fancy of some archaeologists, it is based on two crucial assumptions, which are commonly hard to 
prove: namely that the sites plotted represent the totality of all existing sites and they are con­
temporaneous. In addition, of course, all sites need to be comparable on a structural level, i.e. it 
makes no sense to plot settlement and burial sites as individual entities. If any of these three prin­
ciples is not fully met, the results will be erroneous, and, as will become abundantly clear, none of 
them can be upheld in the Tongatapu case.
Site visibility and recognisability
Mounds are very visible in the landscape, if they are lm or more high. Mounds lower than 0.5m may easi­
ly be overlooked in plantations or in areas covered with bush grass. Quite often low ‘bumps’ in the 
grass cover were noted, which looked liked mounds. Subsequent inspection showed that there was a only 
difference in growth, the causes for which are as yet unknown. There is no difference in overall form 
between house mounds and the burial mounds without stone facing. Burial mounds can only be distingui­
shed by coral sand eroding from the graves. The presence or absence of eroding coral sand, however, 
could only be recorded on mounds which were either under garden or had a considerable portion of their 
surface exposed. During the survey grass- or vegetation-covered mounds were recorded as mounds of un­
specified function.
Site distribution on Tongatapu
Methodological considerations
It has been shown in the assesment of the archaeological site types presented in Appendix 3 that some 
of the mounds changed function over time. This of course complicates any analysis of settlement 
patterns. Thus at least one burial mound included in figure 6.8 (TO-At-86) was a house mound at an 
earlier point in time, and it is certain that more such cases exist.
To confound the issue even further, it should be noted that all house mounds of one or two phases only 
may well have been obliterated beyond archaeological recognition as surface features. Let us assume a
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house mound abandoned after just one phase. The floor is 0.3-0.5m above ground, with a diameter of 10- 
15m. Such a rise would be hard to recognise on the ground. The moment it was gardened, however, it 
would be gone for good. The same applies to mounds comprising two phases (0.6-1.0m high, 20-25m dia­
meter), as gardening would flatten them out over time. The borrow ditches accompanying such sites are 
rarely visible as surface indications and only large-scale excavations are likely to discover them 
archaeologically.
The density distribution of mounds
To assess the density of mound distribution on Tongatapu, we can utilise six data sets. One was col­
lected by Poulsen in 1963/4 (Toloa), and the other five by myself (Kolovai, M ataki’eua, Ha’ateiho/ 
Pea3), Beulah, Fua’amotu; for locations see Vol. II, Excavation Reports, page 24). These areas provide 
a loose, but relatively representative coverage of Tongatapu. The density of mounds (see table 6.1) is 
the greatest in the Beulah and Toloa areas, where 38 and 37 mounds were counted per km2. Both the Ko­
lovai area and the Ha’ateiho/Pea area had a density of 15 mounds/km2. The lowest density was observed 
at M ataki’eua.4) Figure 6.1 shows that mounds are clearly concentrated in the southeastern part of 
Tongatapu, decreasing towards the west. Within the assessed areas, the mounds do not occur in villa­
ge-like clusters, but are more or less randomly distributed. Thus a dispersed settlement pattem is 
indicated and we have to imagine that everybody lived in their own plantation. This pattem is similar 
to that described by early European visitors (see above).
The size distribution of mounds
The size distribution of mounds in various areas of Tongatapu is set out in table 6.1. The same data 
sets have been used as in the discussion of mound density, save for Toloa, for which no height and 
size data exist. The few mounds seen in the N ukualofa area have been added, though it should be noted
3) Note that the boundaries of the Ha’ateiho-Pea area used in these tables differ from those of the Ha’ateiho 
transect discussed below. The latter includes some mounds of the Mataki’eua area as well.
4) It should be noted that a different type of survey (car survey; see Vol II, Excavation reports on survey 
strategies) was employed in this area, likely to overlook very low mounds, such as were recorded elsewhere. How­
ever, even if 50% of all sites were missed, the mound density would not exceed 14 mounds/km2, comparable to that 
of the Ha’ateiho and Kolovai areas.
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Figure 6.1: Trend map of Tongatapu, showing the density of mounds.
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Table 6.1: The density of mounds and house-mound phases on Tongatapu (see text).
Area A5 e ?>
No . of 
mounds 2Mounds/km
No. of 
phases 2Phases/km
Kolovai 2 . 2 34 15.455 159 72.273
Mataki'eua 4.2 39 9.286 174 41.428Ha'ateiho/Pea 6 . 1 8 6 14.098 332 54.426Beulah 0 . 6 23 38.330 1 1 0 183.333Toloa^' _ 0 . 6 2 2 36.667 7 7 7 7
Fua'amotu3^ 2 . 2 44 2 0 . 0 0 0 188 85.455
all areas 15.9 248 15.597 9634) 62.9414)
Notes: Area given is only an approximation. 2) No height data are available for the Toloa area. 3) The area
of Fua’amotu excludes the runway of the airport and the runway shoulder. 4' Excluding Toloa area.
that this area has not been systematically surveyed. The size distribution is very variable (table 6.2) 
and the spatial distribution on Tongatapu (figure 6.2) does not show any clear-cut trends.
Settlement patterns
The mounds plotted form the totality of the evidence visible in the surveyed areas today. Assuming 
that gardening intensity has been the same all over Tongatapu, the observed density distribution 
should be representative. The chronological perspective, however, has been collapsed. Therefore, the 
observed density distribution can be interpreted in two ways: either the density of settlements across 
Tongatapu is uneven, with land plots being either fewer or larger in the west than in the east, or the 
settlement density is not uneven, but the eastern area has been populated twice as long as the western 
area. The latter explanation would fit in well with the oral traditions, which say that the western 
areas were settled later than those in the east, and with the common assertion of historians that the 
creation of the Tu’i Kanokupolu title coincided with a settlement expansion in the western areas (c/. 
Gifford 1929: 87; Bott & Tavi 1982).
However, the size distribution of mounds needs to be taken into account, as it varies greatly within 
Tongatapu (table 6.2). It has been shown in Appendix 3 that one phase of a house mound is on average 
0.5m thick. Using mound size, we can approximate the number of phases contained in each mound. Since
Chapter 6 : The pattern o f settlement • 284
Table 6.2.: Percentage distribution of the sizes of unfaced mound in various areas of Tongatapu. 
Abbreviations: BEU - Beulah; FUA - Fua’amotu; HAA - Ha’ateiho; KOL-Kolovai; MAT - Mataki’eu; 
NUK - Nukualofa.
Size Diameter Height
Category (m) (m) KOL MAT HAA B E U F U A N UK
Small
I
II
10-15
15-20
< 1.5
< 1.5
6.82
20.58
30.77
5.13
32.56
19.77
13.04
17.39
20.45
11.36
37.50
25.00
Medium
Ilia 20-25 < 2.0 14.70 25.64 22.09 13.04 40.90 37.50
m b 20-25 > 2.0 2.84 — 4.65 — 9.09 ---
IVa 25-30 < 2.5 5.88 7.69 11.63 6.70 4.55 ---
IVb 25-30 > 2.5 — 5.13 — — 2.27 ---
Large
Va
Vb
30-35
30-35
<
>
3.0
3.0
6.82
2.84
7.69
5.13
6.98 21.74
4.37
4.55
6.82 —
Very large 
Via > 35 < 3.0 23.53 2.56 4.37
VIb > 35 > 3.0 11.76 10.26 2.33 17.39 --- —
N 34 39 86 23 44 8
the number of mounds of unknown function is comparatively high, no distinction can be made between bu­
rial and house mounds and all mounds are treated as house mounds. This approach is justified if we 
assume that the ratio of house to burial mounds is the same throughout Tongatapu. The resulting figure 
of phases/km2 (table 6.1) provides a relative measure of settlement intensity5), which takes the den­
sity and the size of mounds into account. These values replicate the pattern observed above, with the 
western area having smaller values than those in the east. In comparison with the figures based purely 
on mound density, however, the phases/km2 figures differentiate further within the western areas and 
emphasise the relative importance of the Kolovai area.
^  Given the inclusion of burial mounds in this figure, together with the fact that low mounds are not likely 
to have survived, this figure does not provide any indication on the total settlement represented in the areas 
over time and thus cannot be used to estimate population density.
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Table 6.3: Ha’ateiho transect Geographical parameters and distribution of archaeological sites in 
relation to the height contours (in m) across the transect.
<5 5-10
d =
10-15
North
15-20 20-20 20-15
South
15-10 inio
f
f
<5 N
Geographical parameters
Average distance 
from lagoon (m) 500 1100 1800 2100 2500 2700 2800 2900 3000
Average slope 1:170 1:170 1:110 1:30 1:200 1:30 1:20 1:15 1:15
Area (km ) 2.378 2.824 1.427 0.357 1.338 0.297 0.208 0.119 0.119
Archaeological sites
House mounds 16 10 14 2 2 - 1 - - 45
Burial mounds 13 20 8 2 9 - - - 1 53
Unknown mounds 23 15 4 - 1 - - - - 43
T o t a l  m o u n d s  5 2 4 5 2 6 4 1 2 - 1 - 1 1 4 1
★Roads 1 3 - - - - - - _ 4
Fortifications 2 1 - - - - - - - 3
Shell scatters - 2 4 - 1 - - - - 7
Pottery scatters - 1 3 - - - - - - 4
Pottery middens 11 1 1 - - - - - - 13
B orrow pits/Weils 4 4 2 - - - - - - 10
T o t a l  o t h e r  s i t e s 1 8 1 2 1 0 - 1 - - - - 4 1
Total of sites 70 57 36 4 13 - 1 - 1 182
(in percen^) 38.7 31.5 19.9 2.2 7.2 0.0 0.6 0.0 0.6
D e n s ity/km 29.4 20.2 25.2 11.2 9.7 0.0 4.8 0.0 6.4 20.0
* One main road splitting in two roads, counted as three.
In summing up, the eastern areas of Tongatapu show a higher density of mounds than the western areas. 
Given that the 14C chronologies of some sites (TO-Pi-7; TO-Pi-13; TO-At-85; see Excavation Reports 4, 
26, 27) indicate that a hiatus may exist between two phases of a house mound, I am inclined to inter­
pret the observed difference in mound density as a function of settlement time, rather than settlement 
density. It is highly unlikely that the plantations in the eastern district were about half the size of 
those in the western district, which would be the case if the settlement density were twice as high, 
so that the chronological argument makes more sense. However, the picture is not as clear cut as one 
would like it to be. The occurrence of Late Lapita sites in the western areas, 14C-dated to at least
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the 3rd century B.C., shows that some settlement had taken place in the area (see chapter 4). We may 
have to conclude, therefore, that the settlement push towards the inland areas occurred unevenly and 
began in the eastern districts. It is likely to be no coincidence that environmental parameters vital 
for successful horticulture, such as quality of soils and amount of precipitation, clearly favour the 
southeastern areas (c f chapter 1). A possible terminus ante quern, but a definite terminus ad quern, for 
the move inland is given by the late 4th century B.C. date for the Lapita inland site (TO-At-96) in 
the Ha’ateiho area (see chapter 4).
Site distribution in the Ha’ateiho transect on Tongatapu
The Ha’ateiho transect6), is located at the southern part of the western sector of Fnga ’Uta lagoon 
and runs the lagoon to the southern liku coast. This area was surveyed to provide a representative 
cross-section of a part of Tongatapu, taking in the various micro-topographical regions. The area was 
chosen because several Lapita sites (Groube 1971; Poulsen 1987) and two burial mounds (Davidson 1969) 
had already had been excavated in the area and thus provided some basis to go upon. Within this 7.5 
km2 large transect, which was surveyed on foot in loops set about 30-50m apart, all sites were mapped 
with the purpose to provide data on settlement density and distribution.
As we have seen, the function of a large number of mounds could not be determined. Of a total of 141 
mounds in the Ha’ateiho transect plotted in figures 6.15 to 6.18, 31.9% are house mounds, 37.6% 
burial mounds and 30.5% could not be defined functionally. The distribution of the mounds of undefined 
function is given in figure 6.5. Most of the mounds with unknown function are located in the area 
lower than 5m above MSL (table 6.3), today the main habitation area, where most of the archaeological 
sites are either built upon or covered by grass. The further we go inland, however, the more sites are 
gardened and consequently less sites have been recorded with an unknown function.
The Ha’ateiho transect (see figure 1.3 in volume II, Excavation Reports, for exact boundaries) comprises the 
entire ‘Atele area, southern Pea area, as far north as Talangaholo, and the eastern Lakepa area, as far west as 
Matatoa.
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1 0 0 0
Fanga 'Ula Lagoon
Figure 6.4: Ha’ateiho transect. Distribution of shell scatters (solid squares) and locations where 
shells have been found in excavations (open squares).
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A schematic cross-section of the transect is shown in figure 6.3. The northern part, up to 1700m in­
land, shows a low gradient (1:100 to 1:170). There is then a steep rises to a small plateau, followed 
by a very steep drop to the southern liku coast. As can be seen from table 6.3 and figure 6.6, slope 
and settlement activity are directly correlated, as the number of sites decreases the further inland 
we go. Seventy percent of all sites are below the northern 10m contour line, 90% below the 15m one. 
The density of sites is the highest in the area less than 5m above MSL (29.4 sites/km2) and stays 
above 20 sites/km2 until the 15m contour is reached. Above the 15m contour the density is halved and 
then further reduced.
Distribution of shell scatters
The distribution of shell scatters without any trace of pottery is plotted in figure 6.4. Five of the 
seven scatters are at a regular distance of 1500m inland. One of these scatters, TO-At-90, has been 
dated to the 14th century AD (600 + 60 BP*; 1g 1287-1407 AD; ANU-5722), reflecting the fact that 
shellfish consumption continued on a small scale throughout Tongan prehistory. Since shell scatters, 
however, are only visible if the ground is gardened, the increased gardening of the inland areas, as 
opposed to the grass-covered village areas, may contribute to this distribution pattern. If we include 
in the distribution post-Lapita sites where shells have been encountered in excavations, then the pat­
tern of a regular distance from the shore can no longer be upheld.
Distribution of house mounds
The locations of house and burial mounds in relation to the overall topography of the transect are 
summarised in table 6.4. The distribution of house mounds (black dots) has been plotted against a 
background of mounds with an undefined function (open circles; figure 6.7). The distribution shows a 
‘cluster’ of mounds in the southeastern part of the survey area and some small mound groups in 
other areas. However, given that the inland areas are better gardened than the coastal zone, the ob­
served distribution may be completely misleading. With such a high number of mounds of undefined func­
tion (43) compared to mounds positively identified as house mounds (45), any distribution pattem can 
be proposed, depending on the actual number of house mounds. On the whole, however, the mounds seem to 
group into three loose clusters.
Chapter 6: The pattern of settlement • 290
1000
Fanga ‘Uta Lagoon
Pacific Ocean
Figure 6.5: Ha’ateiho transect. Distribution of mounds of unidentified function.
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Distance from the lagoon (m)
Figure 6.6: Ha’ateiho transect. Distribution of burial mounds (a), house mounds (b) and pottery­
bearing sites (c) in relation to height contours.
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Figure 6.7: Ha’ateiho transect. Distribution of house mounds (black dots) plotted against a 
background of mounds of unidentified function (open circles).
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Figure 6.8: Ha’ateiho transect. Distribution of burial mounds (black dots) plotted against a 
background of mounds of unidentified function (open circles).
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Figure 6.9: Ha’ateiho transect. Distribution of depressions and borrow pits.
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Figure 6.10: Ha’ateiho transect. Distribution of fortifications and roads.
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Figure 6.11: Ha’ateiho transect. Distribution of fortifications and roads. Reconstruction.
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Figure 6.12: Ha’ateiho transect. Map showing the stone-slab quarry (asterisk) and the two possible
sites of utilisation.
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Table 6.4: Ha’ateiho transect. Geographical parameters and distribution of mounds in relation to 
height contours (in m) across the transect.
Mound <= North South =>
category <5 5-10 10-15 15-20 20-20 20-15 15-10 10-5 <5 N
House 35.56 22.22 31.11 4.44 4.44 0.00 2.22 0.00 2.22 45
Burial 24.53 37.73 15.09 3.77 16.98 0.00 0.00 0.00 3.77 53
Unknown 53.48 34.88 9.30 0.00 2.33 0.00 0.00 0.00 0.00 43
Distribution of burial mounds
As with the house mounds, the distribution of burial mounds (black dots) has been plotted against a 
background of mounds with an undefined function (open circles; figure 6.8). The burial mounds, however, 
do not show a clustering of sites, but a more linear arrangement, running east-west. The main diffe­
rence from the house mounds is that a relatively large number of burial mounds (17%) is located on high 
ground, while only a few house mounds (4%) are found there.
Distribution of depressions and borrow pits
The distribution of depressions and borrow pits is plotted in figure 6.9. Save for two sites, all de­
pressions are on ground less than 10m above MSL. In some cases it was impossible to tell whether the 
pits were borrow pits or partly filled-in well pits. Although the material required for mounds was 
commonly obtained from a ditch dug around the mound, it is sometimes the case that the material was 
borrowed from a large pit dug to one side, eg. site TO-Pe-21 {cf. Excavation Report 19). Some of the 
depressions are natural, caused by caved-in cavities in the limestone. If we discount all longitudinal 
depressions and all those with an adjacent mound, then three circular depressions remain, which I 
would tentatively identify as well pits (vaitupu). None of them, however, is such a clear-cut case as 
the well at Tokomololo (TO-La-54) located just outside the transect.
Distribution of fortifications and roads
Although to be dealt with in detail in chapter 9, some comment is needed on the distribution of for­
tifications and roads to complete the picture of the transect (figures 6.10 & 6.11). Three fortifica-
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tions are present, TO-Pe-7, TO-Pe-11 and TO-At-30. Both the Ha’ateiho and the Pea fortifications front 
onto the lagoon, while the Pouvalu fortification (TO-At-30) is about 1000m inland. The available evi­
dence for the road system allows reconstruction in similar terms to the modem system, i.e. a coastal 
road running about 200 to 300 inland from the lagoon, with a branching-off inland at ’Atele College.
The beachrock quarry and possible usage sites
A quarry for beachrock slabs (TO-At-139) was encountered at a small pocket beach on the liku coast 
(figure 6.12). This site raises the possibility that there may be some possible higher-status sites in 
the transect where the quarried slabs were used. Wilson (1799:254) mentions that the f a ’itoka of 
Vahai (‘Vaijee’), the chief of Pea, was located ‘across the country side’ on the liku coast of the 
island.* 7 8*^ No burial mound was found near the quarry. There is a burial site (TO-At-140) located at a 
beach some 150m east of the quarry, but no vault was seen. Two theoretical sites where the slabs could 
have been used exist at the lagoonward side, but both can be excluded after careful considera­
tion.8) So far the fate of the quarried slabs remains enigmatic.
Chronology of sites in the Ha’ateiho transect
The 14C dates available for sites in the Ha’ateiho transect (table 6.5) are displayed graphically in 
figure 6.17. In total 24 dates from 12 sites are available. The dates spread quite regularly through
Wilson (1799: 251-252) mentions that a missionary party stayed at ‘Togamaloolo’, most probably Tokomololo, a
village southwest of Pea and partly included in the transect. Here they saw ‘ a large green area [i.e. a
mala’e], and on each side a fiatooka (fa ’itoka] containing three tombs’ (Wilson 1799:252). These could not be
located in the field, but although specifically mentioned by Wilson, may well be only ‘normal’ burial sites.
8^  • One site is langi Folokamanu (TO-Pe-8; McKern 1929:117-118) which seems a possibility because of its
title, but although McKern’s excavations there (1929:113-114) discovered burial in the middle in a pit of coral
sand and the remains of other burials, apparently disturbed, there is no mention of a slab vault. Nor was the
mound slab-faced externally.
• The other site is TO-Pe-41 (?), a mound near Lapita midden TO-Pe-5 (excavated by Poulsen [1987: I 32; his
To.5]). Pouisen discovered a large square mound which had a small mound on its summit. In the centre of the 
small mound was a disturbed grave and a coral (? beachrock) slab, 0.5 x 0.4 x 0.1m, standing on end on the sum­
mit of the mound. The stone does not seem to have been part of a vault. To assess whether the underlying mound 
was a burial mound, Poulsen (1987: I 32) dug some 20 test pits ‘all over it’. In none of the pits nor on the 
surface did he encounter the coral sand indicative of burials. It seems likely that the underlying mound is 
not in fact a fa itoka , but a plain house mound.
• The third site consists also of a single stone slab which Poulsen (1987: I 30) found at the foot of burial 
mound TO-Pe-4.
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Table 6.5: 14C Dates from the Ha’ateiho transect.
Site
Analysed
Feature Mat. Lab No. Date! BP*
Calibrated Calendar Date 
2G (1G [Intercepts] IG) 2G
TO-At-8 6 A13, P17 Cha ANU-642 9 340 + 300 AD 1040 (1290 [1514,1600,1616] 1950) 1955*
TO-Pe-5 Oven D Cha ANU-23/1 340 + 100 AD 1410 (1440 [1514, 1600,1616] 1650) 1955*
TO-Pe-5 Oven D Cha ANU-23/2 330 + 65 AD 1440 (1464 [1519,1587,1623] 1646) 1670
TO-At-85 A14/S1 Cha ANU-5718 370 + 80 AD 1410 (1439 [1480] 1639) 1660
TO-At-2 Burial 10 Col GaK-1205 390 + 110 AD 1311 (1420 [1468] 1640) 1955*
TO-Pe-1 Pit A Cha K-961 420 + 100 AD 1305 (1410 [1448] 1630) 1660
TO-Pe-1 Pit A Cha NZ-597 464 + 82 AD 1301 (1405 [1436] 1473) 1640
TO-At-85 A14/SS1 S 2 ANU-5720 495 + 120 AD 1270 (1309 [1425] 1478) 1650
TO-At-89 A5/Str 1 Cha ANU-5721 600 + 90 AD 1260 (1281 [1317,1347,1389] 1418) 1450
TO-At-90 Surface S 2 ANU-5722 600 + 60 AD 1270 (1287 [1317,1347,1389] 1407) 1430
TO-At-2 Burial 41 Col GaK-1204 770 + 200 AD 880 (1030 [1262] 1400) 1480
TO-Pe-27 Layer lb Cha ANU-442 150 + 90 AD 670 (776 [889] 986) 1030
TO-At-85 Sq 531/501 Cha ANU-5719 270 + 235 AD 257 (560 [716,743,757] 1000) 1250
TO-Pe-2 4 Sample 4 S 2 ANU-6433 285 + 60 AD 640 (664 [687] 784) 890
TO-At-30 pit S 2 ANU-5717 340 + 65 AD 600 (644 [666] 754) 790
TO-Pe-5 Oven B Cha NZ-637 600 + 87 AD 240 (349 [429] 553) 630
TO-Pe-27 Layer 10 Cha ANU-435 1830 + 850 BC 1890 (830 [AD 146,164,190] 1020) 1955*
TO-Pe-6 Horizon I She ANU-873 2225 + 50 BC 400 (386 [364,279,261] 201) 170
TO-Pe-27 Layer 4 Cha ANU-429 2210 + 145 BC 7 65 (400 [358,289,252] 100) AD 80
TO-At-9 6 Midden S 1 ANU-5723 2180 + 60 BC 390 (370 [340,322,203] 167) 100
TO-Pe-27 Layer 15 Cha ANU-436 2260 + 415 BC 1400 (830 [379] AD 140) 630
TO-Pe-6 Oven DN Cha ANU-24 2350 + 200 BC 910 (790 [400] 190) AD 60
TO-Pe-6 Oven K Cha NZ-636 2380 + 51 BC 761 (517 [405] 397) 390
TO-Pe-27 Layer 14 Cha ANU-441 2440 + 110 BC 820 (790 [523] 400) 258
TO-Pe-27 Layer 14 Cha ANU-424 2540 + 160 BC 1020 (840 [786] 400) 257
TO-Pe-1 Pit A S 2 K-904 2680 + 80 BC 1000 (910 [828] 801) 770
Analysed material: Cha - Charcoal; Col - human bone collagen; S 1 - Anadara antiquata\ S 2 - Gafrariwm tumidum. 
Laboratories: ANU-Austral ianNationalUniversity;GaK-Gakushuin;K-K0benhavn;NZ-DSIR,NewZealand. Notes: 
ANU-23/1 and ANU-23/2 are two determinations from the same sample. So are NZ-597 and K-961.
time and no clusters are present. A regression run on the intercepts shows that the distribution is 
very close to the ideal (r2 = 0.957). Their distribution in relation to distance from the lagoonal 
shore is given in figure 6.19. Due to the limited number of dates, the distribution is relatively 
patchy. Two observations, however, are of importance. The shoreline sites show a continuity of dates, 
indicating recurrent use of the same settlement locations, while the bulk of the inland sites dates to 
less than 800 BP*. If we omit date ANU-435, whose 2G range spans the entire human occupation of Tonga- 
tapu, then one major hiatus in the dates emerges: a 650-year gap between the intercepts of NZ-637 (TO- 
Pe-5) and ANU-873 (TO-Pe-6). This gap cannot be bridged even at the 2 G level (gap at 2 G: 410 years).
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Although we lack any dated evidence for human occupation during this period, a continuity can be in­
ferred. A second hiatus (370 years), which can be bridged at 2 G, exists between GaK-1204 (TO-At-2) 
and ANU-442 (TO-Pe-27). If we discount the Gakushuin date as potentially unreliable (Kirch 1975; 
1986:23), thena 428-yeargap exists between ANU-5722/ANU-5722 (TO-At-89/TO-At-90)and ANU-442. 
This gap cannot be bridged at 2 a  (remaining gap: 240 years).
The 14C chronology for the Ha’ateiho transect is not tight enough to prove continuous habitation, al­
though there is no reason to assume that this was not the case. The chronology is certainly not detai­
led enough to make any attempt to develop a detailed analysis of site distribution at various points 
in time. The summary of all chronological data is given in figure 6.20.
The settlement pattern as derived from the mounds
Figure 6.13 shows the distribution of house mounds and all mounds of unidentified function, which are 
assumed for this analysis to be house mounds. Using graph theory (see chapter 9 for more detail), a 
minimum spanning tree has been constructed, where all sites have been connected with their nearest 
neighbours and all resulting subgraphs with their nearest neighbours until all sites are interconnec­
ted. The lines connecting the final subgraphs have been drawn as interrupted lines and further indi­
cated by arrows. As can be seen, the mounds are commonly connected by short distances only, while the 
lines connecting the final subgraphs are long. It is also notable that most of the graph connections 
run north-south, rather than east-west. If we look at the areas where the three final subgraphs are 
joined, we can note two major gaps separating the mounds into three north-south aligned groups. This 
is even clearer in figure 6.7, where no graph lines confuse the pattem. It thus appears possible that 
we are dealing with three political/administrative subgroupings. Figure 6.15 again shows the distri­
bution of the house mounds (black dots) plotted against a background of mounds of unidentified func­
tion (open circles), with the depressions which I believe to be wells added. The circles drawn around 
them indicate the 500m (solid) and 1000m (thin) equidistances. As can be seen, most of the mounds are 
within the 1000m circle. The main observation, however, is related to the spatial distribution of the 
mounds: the three distinct groups, more or less aligned north-south, have the wells at their centres.
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Based on this observation, we could argue that the distribution of mounds does in fact represent three 
political/administrative clusters running from the lagoonal shore inland (figure 6.16). Settlement 
sites would tend to be located away from boundary lines, thus creating the empty space between the units.
It has been pointed out that burial mounds appear to be aligned in rows running east-west, that is 
almost at right angles to the distribution of house mounds. A minimum spanning tree (figure 6.14) em­
phasises this point. In some instances burial mounds are located in areas near the assumed boundaries, 
where no house mounds exist. It is possible that, like their more frequent location than house mounds 
on higher ground, burial mounds near the boundaries involved the utilisation of less useful land.
Extrapolating from the situation at the southern end of Fanga ’Uta lagoon, we can advance the hypo­
thesis that the settlement on Tongatapu was organised in a number of political/administrative units, 
which stretched inland from the lagoon. Given the inaccessibility of the southern shore from the sea, 
such an orientation appears sensible. This hypothesis, however, requires rigid testing. As I have 
stressed earlier in this chapter, any territorial analysis of settlement sites is based on three 
assumptions: (1) that all sites are known, (2) that the function of the sites is the same and (3) that 
all sites are contemporaneous. Lets us test our hypothesis in the light of these.
(1) As has been argued, gardening is likely to have removed one- and two-phase house mounds from the 
surface evidence. Therefore there is no guarantee that the presently visible mounds form the totality 
or even a representative cross-section of the mounds that once existed.
(2) It has been shown in Appendix 3 that the function of sites can change over time. In the Ha’ateiho 
transect one-third of the excavated mounds9) are known to have changed their function.
(3) Finally, we do not know which of the sites are contemporaneous and which are not. In fact, the 
excavation of a few sites next to each other (TO-At-85, TO-At-86, TO-At-89) has given us a wide range 
of dates (see case study II in chapter 7 and table 7.5).
Of the nine excavated mounded sites (TO-Pe-4, -21, -24, TO-At-36, -85, -86, -88, 89; -96) three (TO-At-86, 
-89, -96) have changed their function (Poulsen 1987:120; Excavation Reports 3-8,19 & 20).
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Figure 6.13: Ha’ateiho transect. Distribution of house mounds and mounds of unidentified function. A 
minimum spanning tree is constructed, connecting all sites with their nearest neighbours and all sub­
graphs with their nearest neighbours until all sites are connected. It has been assumed for this 
analysis that all mounds of unidentified function are house mounds.
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Figure 6.14: Ha’ateiho transect. Distribution of burial mounds (black, dots) plotted against a 
background of mounds of unidentified function (open circles). A minimum spanning tree is constructed.
Note that only the burial mounds have been connected.
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Figure 6.15: Ha’ateiho transect. Distribution of house mounds (black dots) plotted against a 
background of mounds of unidentified function (open circles). The circles indicate the 500m (solid) 
and 1000m (dotted) equidistances from depressions which are interpreted as wells.
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Figure 6.16: Ha’ateiho transect. Distribution of house mounds (black dots) plotted against a 
background of mounds of unidentified function (open circles). The circles indicate the 500m (solid) 
and 1000m (dotted) equidistances from depressions which are interpreted as wells. As can be seen, the 
mounds apparently group in three clusters, with mound-less areas between. Hypothetical political 
boundaries are drawn.CAVEAT: The boundaries are total fiction (see text)!
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Figure 6.17: Graph showing calibrated l4C dates for the Ha’ateiho transect. One sigma and two sigma
error bars have been provided.
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Figure 6.18: Graph showing calibrated 14C dates for the Ha’ateiho transect (intercepts only).
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Figure 6.19: Ha’ateiho transect. Spatial distribution of 14C dates in relation to the lagoonal shore.
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Figure 6.20: Ha’ateiho transect. Summary of the chronological data. Spatial distribution of 14C dates
in relation to the lagoonal shore.
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I believe sufficient evidence has been presented to suggest that none of the assumptions can be upheld 
beyond reasonable doubt, so that the reconstruction of political boundaries as proposed, is fallible. 
However, one issue remains to be taken up. Although some of the less used house mounds may well have 
disappeared from the visible record, those which have been recorded, being higher, are likely, on the 
Beulah evidence reviewed in Appendix 3 (see also Excavation Report 9) to contain more house floors and 
thus indicate a degree of settlement continuity. On the evidence available so far, the distribution of 
certain and probable house mounds is not completely random. Unfortunately, as no precise information 
on actual pre-European settlement density exists, it is impossible to conduct exact computer simula­
tions to see whether over time a pattern could be generated by chance by consecutive house-mound con­
struction which would resemble the three-clustered distribution of house mounds referred to above.
Another aspect needs to be addressed. The analysis of the site distribution in the Ha’ateiho transect 
has shown that settlement density and elevation above sea-level are directly correlated: the higher we 
go, the less sites are present. Seventy percent of all sites are below the 10 m contour and 90% of all 
sites below the 15m contour. As the quality of garden land in the area higher than 15 above HWL is the 
same as that nearer to the coast, there must be another factor involved in the concentration of sites 
in the shoreward areas.
Figure 6.15 shows that almost all house mounds fall within a 1000m radius around the wells. This 
concentration prompted the question as to whether water supply was a critical factor in settlement 
distribution on Tongatapu.
THE WATER SUPPLY OF THE PREHISTORIC INHABITANTS OF TONGATAPU 
General
Due to the high permeability of the tephra-derived soils of Tongatapu, surface run-off is very 
limited. Thus organised irrigation not relying on motor-driven pumps is impossible and the drinking- 
water supply for the population relies on rainwater catchment and the tapping of the underground 
groundwater lens. The latter solution, however, is impractical in areas higher than approximately 5 to 
7 m above sea-level, as the coral limestone capping is too thick to be penetrated by wells (see
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Appendix 3) dug in the traditional manner. Thus people living on higher ground had to rely on 
rainwater catchment for their water supply.
Rainfall on Tongatapu, which is the subject of a separate study (SS-IX), is very erratic. With the 
total annual precipitation oscillating wildly around the long-term mean of 1716.19 mm (SD l a  = 447.45 
for Nuku’alofa station; N = 72 years), the monthly rainfall is not reliable and, from an intra-island 
perspective, the pattern is not stable. There is no correlation, for example, with El Nino years. The 
fluctuations are such as to suggest that water storage in pits (lepa) depending entirely on the col­
lection of rainwater might not provide a constant and reliable water supply.
Feasibility of rainwater catchment in pits
In order to investigate whether water-collection pits (lepa) would provide sufficient water for con­
sumption over a prolonged period of time, it was decided to conduct some simulations, the principles 
and underlying assumptions of which are summarised in table 6.6 (see also SS-IX). Two sets of simula­
tions were run, one talcing the rainfall data as a net value, the second taking the effects of evapora­
tion into account. The results of these simulations, which are reported in SS-IX in detail, can be 
summarised as follows.
The simulation shows pit I, the ‘standard pit’, to be quite incapable itself of providing a secure 
continuous water supply for even a single adult. An additional catchment area of 6 m2 is necessary to 
satisfy the needs of one adult, and one of 48 m2 for six adults. This catchment, however, is insuffi­
cient to provide the water needed to maintain one model family. Pit II, the ‘family-sized pit’, is
2
alone capable of ensuring a regular water supply for three adults. An additional catchment of 12 m 
ensures the supply for 6 adults. This catchment is almost (94.7%) sufficient to provide the water nee­
ded to maintain one model family. The catchment area of pit III, the ‘communal pit’, is so much lar­
ger than that of the two previous examples that the additional catchment from the roof plays a very 
minor role only. This pit is capable of securing the continuous water supply of four families, and, 
with an additional 48m2 of roofing as catchment area, even five families.
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Table 6.6: Systematics for the simulation of the efficiency of prehistoric rainwater collection pits.
Pit size
Three pit sizes are assumed on the ba^is of archaeological evidence: a small ‘standard’ fiat-bottomed pit of 2 m 
diameter and 1 m depth (pit I, 3.15m“ catchment, 3.2 m3 capacity); a large ‘family-sized’ flat-bottomed pit of 5 
m diameter and 1.5m depth (II; 19.6m2, 29.5 m3); a ‘communal’ concave-bottomed pit of 20 m diameter and 5 m 
depth (III, 314.25m2, 5897.3 m3).
Water consumption
Calculations are run for a low (2 litres per head) and high (2.5 litres) daily consumption of adults (one to six 
adults) and a low consumption of families. A ‘family’ is defined as one senior adult (consuming two lines per 
day), two mature adults (4 1), two juvenile boys and two juvenile girls (6 1) and one infant (1 1). The total 
daily water consumption of such a family is therefore 13 litres. The assumed daily water consumption is kept low 
as the observations by early European visitors are that the Tongans did not to consume very much water for 
drinking and cooking (West 1865: 109; Morrison 1793 [Rutter 1935:40]).
Catchment area
We are ill informed about traditional forms of rainwater catchment. Gutters and the like obviously did not 
exist. However, run-off from the roof could have been collected in vessels of varioijs kinds, so a variety of 
catchment possibilities is calculated: the surface area of the pit (SAP); SAP plus 2 m“ catchment area from the 
(assumed) removable roof covering the pit; SAP plus 6 m“, such as the roof covering a cooking shed; SAP plus 12 
m2, such as the roof of a food-storage house; SAP plus 24 m2, such as one side of the roof of a living house; 
SAP plus 48 m2, such as both sides of the roof of a living house.
Wetting loss
A dry surface covered with water will absorb a small amount, the wetting loss, which varies, depending on the 
material covering the roof. Given that the likely catchment area consisted of roofs covered with coconut fronds 
and similar vegetable matter, we assume (conservative estimate) the wetting loss to be three times as high as 
for metal roofs (i.e. 1 mm/day; Seidel 1987). Since, on average, it rains on 10 days in a month (see SS-IX), a 
monthly wetting loss of 30 mm is assumed. Note that the wetting loss of pounded and compacted soil linings fot 
water-storage pits is unknown. In the case of the very large communal pit (III) we may even assume some vegeta­
tion growing on the rim and upper parts of the pit, causing a considerably increased wetting loss. Some loss of 
the stored water due to the permeability of the pit surface must also occur. In the simulation for no catchment 
area save the surface area of the pit itself, no wetting loss was subtracted.
Simulation procedure
In the absence of long-term daily rainfall records, the monthly rainfall data set for Nuku’alofa station is used 
as the basis of the time series. It is assumed that the pit is empty at the beginning of the time series simu­
lation. The water available for consumption consists of the amount of water left over in the pit from the pre­
vious month (if any) and the rainfall falling during the month assessed. Individual monthly demand (1-6 persons, 
1-9 families) is deducted from the monthly rainfall. If there is a positive balance, this is carried over into 
the next month. If there is a negative balance, that is, if the demand is greater than the rainfall and the resi­
due from the previous month, i.e. the pit runs dry, the water content of the pit is re-set to 0. If the pit is 
full and an overflow occurs, the water content of the pit is set to the volume of the pit and this value is 
carried over into the next month. This computation is conducted for each month. All resulting values, save the 
one for the first month of the time series (for which no residue value of a previous month exists), are sorted 
into positive and negative water balance and the percentages calculated of how often the demand is met and how 
often not.
Sufficiency
It is obviously of great importance to decide which percentage value, i.e. how often the demand is met and how 
often not, is considered to be sufficient; that is, how often in a given period of time a topping-up of the 
water supply from other sources, such as wells, is permitted. For die sake of this study it is assumed that an 
undersupply for 5% of the time is permissible. Thus, values exceeding 95% are shown in bold in the tables.
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Table 6.7: Feasibility of rainwater collection on Tongatapu. Efficiency (in %) of a pit (lepa) to 
provide an uninterrupted supply of drinking water throughout the year. I: pit I (2 x lm), no 
evaporation taken into account. For the simulation procedure see table 6.6.
Demand Catchment size (m^ )
Population Litres Pit Pit+2 Pit+6 Pit+12 Pit+24 Pit+48
Persons (Adults)
One, low consumption 60 99.4 94.7 96.1 96.8 96.8 97.1
One, high consumption 75 98.8 94.1 95.8 96.8 96.8 97.1
Two,low consumption 120 95.8 91.2 94.4 96.0 95.8 96.8
Two, high consumption 150 93.0 88.3 93.7 95.7 96.4 96.8
Three, low consumption 180 89.0 85.8 92.6 94.7 96.1 96.8
Three, high consumption 225 85.5 82.8 90.0 94.1 95.8 96.8
Four, low consumption 240 81.8 81.6 89.5 93.8 95.8 96.8
Four, high consumption 300 71.6 75.4 86.6 92.6 94.7 96.4
Five, low consumption 300 71.6 75.4 86.6 92.6 94.7 96.4
Five, high consumption 375 66.6 70.8 85.0 91.2 94.6 96.1
Six, low consumption 360 64.3 70.3 84.5 90.9 94.4 96.1
Six, high consumption 450 49.5 62.3 80.4 88.1 93.7 95.8
Families
One 390 18.1 36.0 63.4 79.4 88.4 94.0
Two 780 1.5 7.7 31.1 53.9 76.0 87.3
Three 1270 0.5 1.5 11.9 34.7 63.1 81.8
Four 1560 0 0.5 4.0 21.5 49.3 73.6
Five 1950 0 0.3 2.3 11.7 37.7 67.2
Six 2340 0 0.3 1.1 7.3 30.6 60.1
Seven 2730 0 0 0.5 3.4 22.1 52.9
Eight 3120 0 0 0.5 3.1 15.6 45.4
Nine 3510 0 0 0.3 1.5 11.3 39.1
Note that the figures for the pit itself without additional catchment area have been calculated 
without taking any wetting loss into account, and are thus too high.
For the smaller pits (pit I) evaporation is likely to play a minor role only, as they could be covered 
with leaves or a temporary superstructure. For the larger pit, however, evaporation is likely to have 
had a much greater impact. Thus a second simulation was run with the assumption that 75% of monthly 
rainfall is lost due to evaporation. This value compares very favourably with actual evaporation loss 
of 82.5% (see SS IX). The results are set out in tables 6.7 to 6.10. The new calculations yield the 
following results. The small pit I is only capable of maintaining the low-consumption of one adult if 
at least an additional 24m2 catchment area is provided. With an additional 48nT of catchment the low-
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Table 6.8: Feasibility of rainwater collection on Tongatapu. Efficiency (in %) of a pit (lepa) to 
provide an uninterrupted supply of drinking water throughout the year. II: pit I (2 x lm), 75% 
evaporation taken into account. For the simulation procedure see table 6.6.
2Demand Catchment size (m )
Population Litres Pit Pit+2 Pit+6 Pit+12 Pit+24 Pit+48
Persons (Adults)
One, low consumption 60 81.8 81.4 89.5 93.7 95.8 96.8
One, high consumption 75 71.6 75.6 86.4 92.4 94.7 96.4Two,low consumption 120 50.0 58.9 79.0 87.0 93.2 95.7
Two, high consumption 150 33.6 48.7 72.6 84.4 91.3 94.7
Three, low consumption 180 24.8 38.6 66.2 81.1 89.5 94.1
Three, high consumption 225 11.9 29.1 56.4 74.8 86.4 93.2
Four, low consumption 240 9.6 24.7 53.2 72.5 85.8 93.0
Four, high consumption 300 3.9 14.7 41.4 66.2 82.1 90.9
Five, low consumption 300 3.9 14.7 41.4 66.2 82.1 90.9
Five, high consumption 375 2.9 9.7 35.4 59.4 79.4 89.0
Six, low consumption 360 2.4 9.3 34.2 58.0 78.5 88.7
Six, high consumption 450 0.8 3.9 22.7 47.5 71.6 85.8
Families
One 390 0 0.5 4.0 21.5 49.3 73.6
Two 780 0 0 0.5 3.1 15.6 45.4
Three 1270 0 0 0 0.5 3.9 26.1
Four 1560 0 0 0 0.3 1.5 13.0
Five 1950 0 0 0 0 0.5 7.6Six 2340 0 0 0 0 0.5 3.4
Seven 2730 0 0 0 0 0.3 2.3
Eight 3120 0 0 0 0 0.2 1.2
Nine 3510 0 0 0 0 0 0.6
Note that the figures for the pit itself without additional catchment area have been calculated 
without taking any wetting loss into account, and are thus too high.
consumption requirements of two adults can be met. Pit II meets the low-consumption demand of one 
adult with an additional 6m2, and with an additional 48m2 that of three adults. The large pit (III) 
allows a secure water supply for one family only, irrespective of the additional roof coverage (up to 48m ).
As can be seen from these recalculations taking evaporation into account, water storage in open pits 
is not a very efficient solution to the problem of water supply. The most surprising result is the 
relative inefficiency of the large ‘communal’ water-storage system. In order to asses whether such a 
system was inefficient only on Tongatapu and whether it would work on Vava’u, where a type III pit has
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Table 6.9: Feasibility of rainwater collection on Tongatapu. Efficiency (in %) of a pit (lepa) to 
provide an uninterrupted supply of drinking water throughout the year. Ill: pit II (5 x 1.5m), 75% 
evaporation taken into account. For the simulation procedure see table 6.6.
Demand Catchment size (m^ )
Population Litres Pit Pit+2 Pit+6 Pit+12 Pit+24 Pit-M 8
Persons (Adults)
One, low consumption 60 99.5 94.7 95.7 96.0 96.8 96.8
One, high consumption 75 99.5 94.3 94.7 95.7 96.1 96.8
Two,low consumption 120 98.8 91.3 93.0 94.0 95.1 96.1
Two, high consumption 150 97.1 89.0 91.2 92.6 94.3 95.8
Three, low consumption 180 96.1 89.0 91.2 92.6 94.3 95.8
Three, high consumption 225 93.8 83.6 85.8 88.7 92.3 94.4
Four, low consumption 240 92.9 82.1 85.2 87.5 91.6 94.1
Four, high consumption 300 87.2 76.9 81.6 85.2 89.0 93.2
Five, low consumption 300 87.2 76.9 81.6 85.2 89.0 93.2
Five, high consumption 375 83.6 72.0 77.6 82.1 86.9 92.3
Six, low consumption 360 82.4 71.6 76.6 82.0 86.6 92.0
Six, high consumption 450 73.6 64.9 70.3 76.4 83.6 89.5
Families
One 390 42.8 37.6 46.2 56.4 70.0 81.8
Two 780 9.1 9.1 13.1 22.7 37.9 59.5
Three 1270 1.7 2.0 3.4 8.5 18.9 38.5
Four 1560 0.5 0.5 1.2 3.2 9.1 25.5
Five 1950 0.3 0.5 0.5 1.2 3.7 15.3
Six 2340 0.2 0.3 0.5 0.5 2.2 9.6
Seven 2730 0 0 0.3 0.5 1.2 5.8
Eight 3120 0 0 0 0.3 0.5 3.4
Nine 3510 0 0 0 0.3 0.5 2.9
Note that the figures for the pit itself without additional catchment area have been calculated 
without taking any wetting loss into account, and are thus too high.
been recorded at the fortification of Feletoa (TV-Vh-21), a second time-series simulation was mn 
using the Vava’u rainfall data, taking 75% evaporation into account. Although precipitation in Vava’u 
(ji = 2301.31; SD = 871.60) is considerably higher than that in Tongatapu, the efficiency of the large 
water-storage system is only marginally higher. It allows, with 48 m2 additional roof coverage, for 
the continuous supply of two families. However, if we allow for a top-up (see table 6.6 ‘Sufficiency’) 
in 25% of all cases, the pit would be capable of maintaining nine families (or 72 people).10)
Obviously the pit (TV-Vh-21) in Vava’u is an exception, as it is located inside the Feletoa fortification 
and may have served only as an emergency measure. Some 500 m outside the fortification, at the shore, is a spot 
where the groundwater lens discharges very strongly, providing a very adequate supply of fresh drinking water.
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Table 6.10: Feasibility of rainwater collection on Tongatapu. Efficiency (in %) of a pit (lepa) to 
provide an uninterrupted supply of drinking water throughout the year. IV: pit III (20 x 5m), 75% 
evaporation taken into account. For the simulation procedure see table 6.6.
2Catchment size (rtf)
Population Pit Pit+2 Pit + 6 Pit+12 Pit+24 Pit+48
Persons (Adults)
One, low consumption 100.0 97.1 97.1 97.1 97.1 97.1
One, high consumption 100.0 97.1 97.1 97.1 97.1 97.1
Two,low consumption 100.0 96.8 96.8 97.1 97.1 97.1
Two, high consumption 100.0 96.8 96.8 96.8 96.8 96.8
Three, low consumption 100.0 96.8 96.8 96.8 96.8 96.8
Three, high consumption 100.0 96.8 96.8 96.8 96.8 96.8
Four, low consumption 100.0 96.8 96.8 96.8 96.8 96.8
Four, high consumption 100.0 96.8 96.8 96.8 96.8 96.8
Five, low consumption 100.0 96.8 96.8 96.8 96.8 96.8
Five, high consumption 100.0 96.8 96.8 96.8 96.8 96.8
Six, low consumption 99.8 96.8 96.8 96.8 96.8 96.8
Six, high consumption 99.8 96.4 96.4 96.4 96.8 96.8
Families
One 99.8 95.7 95.7 95.7 95.7 95.8
Two 99.4 92.6 92.6 92.6 93.0 93.5
Three 97.1 88.1 88.3 88.4 89.0 89.5
Four 95.7 84.5 85.0 85.0 85.3 86.2
Five 92.6 80.6 80.6 81.1 81.8 82.4
Six 88.1 75.1 75.4 76.0 77.0 79.4
Seven 84.6 70.6 70.8 71.6 72.0 74.2
Eight 80.4 66.0 66.6 67.2 68.2 70.8
Nine 75.1 63.3 62.6 63.1 64.9 66.6
Ten 70.6 56.4 57.0 57.8 59.5 63.1
Twenty 31.2 22.7 23.6 24.0 25.5 30.6
Thirty 5.5 8.5 8.7 9.1 9.6 11.3
Forty 3.4 3.2 3.2 3.2 3.4 3.9
Fifty 1.5 1.2 1.2 1.2 1.5 2.2
Sixty 0.5 0.5 0.5 0.5 0.5 0.9
Seventy 0.5 0.5 0.5 0.5 0.5 0.5
Eighty 0.3 0.3 0.3 0.3 0.5 0.5
Ninety 0.3 0.3 0.3 0.3 0.3 0.3
Note that the figures for the pit itself without additional catchment area have been calculated 
without taking any wetting loss into account, and are thus too high.
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Consequences for the water supply
The conditions of water supply faced by the prehistoric population on Tonga, with the possible excep­
tion of Niuatoputapu and parts of ’Eua, both islands where some surface water exists, can be charac­
terised as follows:
• The freshwater lens could only be accessed in the vicinity of the coast, where it seeped out at low 
tide, in caves where it forms pools (such as Anahulu Cave on the east coast of Tongatapu) and by the means of 
wells. Since for technological reasons wells could not be dug through any appreciable thickness of 
coral limestone, they are restricted to land less than 5-7 m above HWL. All other water requirements 
had to be met by rainwater collection and by coconuts.
• Rainfall on Tonga can be grouped into a dry and a rainy season, the latter lasting from December to 
April. However, precipitation is highly erratic and deviations of more than 100% from the long-term 
monthly mean are not exceptional.
• The wildly oscillating nature of monthly precipitation also means that water storage in pits 
(lepa) depending entirely on the collection of rainwater was likely not to provide a constant and 
reliable water supply. In periods of prolonged drought the pits might run dry.
• Calculations and simulations have shown this to be the case. Only nine of the pit simulations which 
took evaporation into account reached a 100% coverage. Pits of sufficient size to ensure a continuous 
water supply would be so large as to be very cost-inefficient (see SS-IX).
• This implies that the water supply of the population was mainly provided from wells near the shore, 
while the rainwater tanks played a subsidiary role in augmenting the supply and easing the need for 
water transport.
• This in turn implies that the prime land for human settlement was in the vicinity of wells, that is 
at an elevation of up to 7 m above HWL and at an radius of about 500m inland of this height contour.
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THE CHRONOLOGY OF MOUNDS 
Development of Tongan house mounds in the chronological perspective
Most excavated Lapita sites are rubbish dumps and only a single unequivocal habitation site has been 
found and investigated, with results that have only been cursorily published (Groube 1971). At Vuki’s 
mound (site TO-Pe-27) Groube encountered‘a series of house-floors built upon the other with an 
encircling collar of rich shell-fish midden deposited during and after the living activities in the 
house. Each house floor, where intact, was very flat, and at regular intervals the prehistoric house­
wife had refurbished the surface with clean coral sand. It is unlikely that the house was simply for 
sleeping and shelter, as the abundant evidence of ash - sometimes scattered completely over the hori­
zontal floors - and the remains of scoop fireplaces and charcoal indicated complex cooking 
activities.... Although many clear postholes were recovered on each of the house floors, no pattem 
emerged’ (Groube 1971: 299). Discounting the unreliable date ANU-435 spanning from 1890 cal BC to the 
present at 2g , five 14C dates are available (cf.table 6.5). While most of them indicate that a sub­
stantial part of the site dates to the Late Lapita culture (dates ANU-424, 429, 436, 441), a charcoal 
date of the 9th century AD (ANU-442, 1150 + 90 BP*, 889 cal AD, 1 G 776-986) shows that later activity 
took place on the mound. Given the preliminary status of Groube’s publication, it is unclear whether 
the house floors to which he refers really all belong to the Lapita site, or to a post-Lapita habita­
tion at the same location, or both. Groube also encountered a (? borrow) ditch possibly surrounding 
the site (Groube, quoted in Poulsen 1987:1 29).
There are two relevant sites excavated by Poulsen. At TO-Pe-6 Poulsen (1987: I 38) encountered a hori­
zon (II) of redeposited subsoil, largely devoid of shells, which appears to be an artificial surface 
given its limited dimensions. It remains arguable whether it is house-floor horizon or the creation 
of a surface of other function. At site TO-Pe-3 Poulsen (1987:1 29; II 24) found a 3.5m-wide flat-bot­
tomed ditch in two of his trenches, suggesting that it might run around the site. He could not advance 
any functional interpretation for the ditch, which is suspiciously near the Ha’ateiho fortification
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(TO-Pe-1 l ) n) If the ditch is a borrow ditch, it was dug to quarry fill for the mound, which has not 
been excavated. According to Poulsen (1987: I 29) the substantial ditch is filled with material from 
horizon II at the site, which has been dated to the Middle Lapita period. As horizon III sealing the 
ditch is characterised by compact soil and small crushed shells, it appears to be a trampling level. 
All we can really say is that the ditch is younger than Middle Lapita.
Some circumstantial evidence for the beginning of house-mound construction comes from site TO-Pe-24 at 
Ha’ateiho (see Excavation Report 20). The site is a pottery-bearing deposit on an old sandy beachridge. 
Its stratigraphy shows a succession of loamy soil and midden layers. Since the loamy soil had to be 
brought to the site, it seems that some sort of artificial house-floor construction was going on. The 
midden overlying the second floor (phase B) has been dated to the end of the 7th century AD (1 G 664- 
784 AD). As two underlying midden layers (phases B and C) contain minute amounts of pottery, it appears 
that mound building may have started towards the end of the pottery-producing period, i.e. sometime 
during the 5th century AD.
The excavated mound group at Veitongo is of comparatively recent date and does not contribute to the 
argument. The onset of mound building on Pangaimotu can be fixed chronologically by the following 
dates. A layer at site TO-Pi-7, which could represent the first house-mound phase (phase B), has been 
dated to 1970 + 60 BP* (ANU-5726), which is equivalent of cal AD 22 (1 G 43 BC - AD 83). A hearth built 
in the old topsoil directly underneath the first (undated) construction layer of site TO-Pi-6 returned 
a date of 1900 ± 160 BP* (ANU-6427), which calibrates to cal AD 87 (1 G BC 362 - AD 440). Both dates, I 
believe, provide the lower chronological limit for house-mound construction. The interpretation of the 
structural evidence associated with these, however, it not beyond question.
A date for unequivocal housemound construction comes from a pit (feature 4) dug from the living floor 
of mound phases 3 or 4 of site TO-Pi-5 (see Excavation Report 24 and chapter 7). It contained a half- 
finished Tridacna shell adze, which has been dated to 1630 + 60 BP* (ANU-6426), calibrating to AD 416
Although this is not mentioned explicitly in his volume, Poulsen was apparently aware of the fortification 
and seems to have excluded the possibility that the ditch was part of the defence system (Golson pers. comm.).
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( l a :  AD 347-448). The fact that the dated item is a half-finished, rather than a complete adze which 
could have been in use for an indefinite time, permits the assumption that the date accurately relates 
to the living horizon at the site. At the same time what is dated is the death of a shell which has a 
long life span compared with the smaller bivalves used as food. As the hinge part of a large Tridacna 
was used for the production of the tool, we may have well to subtract several years. Estimating the 
original size of the Tridacna valve and using the reported growth rates of tridacnids in Tonga (McKoy 
1980), it seems unlikely that the animal was older than about 50 to 80 years. Assuming that the life 
span of a house-mound layer is about 30 years, on the basis of the evidence of early 20th century 
housing in Tonga (c/. Appendix 2), it follows that the potential error introduced by the shell species 
dated is cancelled out by the fact that phase 3 or even phase 4 of the house mound has been dated. 
Thus it is reasonable to assume that house mound TO-Pi-5 was built by the early or middle fifth century AD.
In summing up, there is a wide range of circumstantial evidence for an early beginning for house- 
mound building. If Groube’s data refer to the Late Lapita levels at his site TO-Pe-27 and if the 
layer of subsoil material (Horizon II) at TO-Pe-6 is a mound layer, then the evidence shows that 
(apparently thin) construction layers were already being laid to provide (?)elevated living surfaces 
during the last centuries B.C. Circumstantial evidence from Pangaimotu (TO-Pi-6, TO-Pi-7) supports the 
view that house mounds were being built around the time of Christ, i.e. well into the pottery- 
producing period. The dates from TO-Pi-5 and TO-Pe-24 provide secure links for mound construction 
with the final phases of pottery production during the 5th century AD.
Development of Tongan burial mounds in chronological perspective
The dating of the Tongan burial mounds is fraught with problems and the results are not very 
conclusive. A number of burial mounds has been excavated so far12), which commonly contained burials 
interred in coral sand. Three of these burials have been dated directly (on human collagen), all of
12^  In this chapter I am only concerned with unfaced burial mounds. For slab-faced mounds and their 
chronology see chapter 7 and Appendix 3. The following mounds have been excavated: TO-At-1, TO-At-2 (Davidson 
1969); TO-At-36 (Excavation Report 3), TO-At-86 (Excavation Report 5); TO-Fa-4 (Excavation Report 10); TO-Nk-2 
(Poulsen 1987:126); TO-Pi-2 (McKern 1929:104-105); TO-Pe-4 (Poulsen 1987:130); TO-Pe-8 (McKern 1929: 113- 
114); TO-Pi-4 (Excavation Report 23), TO-Pi-15 (Excavation Report 29). In addition, three burials have been 
found on ’ Ata, eroding from a cliff (Anderson 1978).
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them by the Gakushuin laboratory, returning ages between 390 and 770 BP.13)
Given the problems encountered elsewhere with Gakushuin dates (Kirch 1975b; 1986:23) these dates are 
potentially unreliable.14) On the whole, however, they set the time frame as post-Lapita, as it appears 
unlikely that the dates would be more than 1000 years out.
Four termini post quos can be advanced (in chronological order): one for the burials at Poulsen’s site 
TO-Nk-2, which postdated oven M dated to the 5th century AD (N Z-635,1620 + 60 BP*; AD 420; l a  AD 
256-560); one for burials in the top of mound TO-Pi-15, which postdate an oven dated to the 13th 
century AD (ANU-6428; see table 7.3); one for the burials in the top of mound TO-Fa-4, which postdate 
a midden dated to 13th century AD(ANU-6435; AD 1267; l a  AD 1160-1389); and one for the two burials in 
the top of TO-At-86, which postdate a house mound dated to the 15th or 16th century AD (ANU- 
5718, 5720, 6429; see table 7.5).
The only terminus ante quern derives from TO-Pi-2 excavated by McKern on Pangaimotu. An anthropolo­
gical analysis (by myself) of the skeletons (TO-Pi-2) showed that several skeletons had injuries 
caused by metal artefacts, possibly bayonets (Spennemann in press d).
TH E SO CIETA L DIM ENSION
Having discussed the house- and burial mounds in their spatial and chronological distribution at 
various levels of detail, we now have to address the question of societal status, that is, whether the 
use of mounds was restricted to particular classes. Given the lack of any morphological distinction 
within mounds, we will have to resort to a mathematic approximation.
13) The three dates are: TO-At-2, burial 10: 390 + 150 BP (Gak-1205); TO-At-2, burial 41: 770 + 200 BP (Gak- 
1204); and TO-At-i, burial 34: greater than 1200 BP (Gak-1203). Note that for none of the jfjree dates has a 
correction for 12C / JC fractionation been conducted, because the original depletion values (-d C) could not be 
obtained and because it is unknown whether the dates have been normalised to -25%o PDB.
14^  An enquiry to obtain the original depletion values (see footnote 24) resulted in the reply that 12C/13C was 
not measured and that because of the limited amount of carbon extracted from the collagen, ‘the dates of these 
samples are not so reliable’ (Kigoshi, letter to D.H.R. Spennemann 7 October 1988).
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Let us first assess the numbers of mounds we have to deal with. Using the lowest observed density figure 
of 9.29 mounds/km2 (table 6.1), we can estimate that Tongatapu, with a land area of 262km2, is covered 
with about 2500 mounds. If we use the average mound density on Tongatapu (15.6 mounds/km2; table 6.1) 
as the base, then we are dealing with about 4100 mounds. This figure, however, does not take into 
account the possibility that mounds of one or two phases may have become obliterated. Ignoring the 
certainty of changed function, some of these mounds are house mounds, while the others are burial 
mounds. The Ha’ateiho transect data (table 6.4) have shown that 31.9% of all mounds seen in the 
survey are house mounds, 37.6% are burial mounds and 30.5% cannot be defined as one or the other. 
Therefore any estimate has to provide for three possible burial- to house-mound ratios, 30:70, 50:50 
and 70:30, to cover all eventualities.
Who lived on the mounds? - a chiefly class becomes visible 
Traditional and early European evidence says that the houses of chiefs were erected on mounds. Let us 
first predict the number of mounds we would expect if all families, regardless of societal rank, lived 
on raised house floors. Green (1973) has provided some demographic assessments for prehistoric 
Tongatapu, based on a carrying-capacity calculation and argued that the population of Tongatapu would 
have been 12,000 and 17,000 people in pre-European times. I believe that these figures are in fact 
much too low. Green took into account neither the contibution of fishing and shellfishing, which 
chapter 5 has shown to be considerable, nor the possibility of food supplies coming in from other 
islands of the archipelago as offerings to the highest-ranking chief, subsequently redistributed. As 
has been argued in chapter 5, I believe the population of Tongatapu to be nearer to 25,000 people, 
with a peak population of over 30,000, a figure supported to some extent by the estimates of Beveridge 
(1824; see table 5.16).
However, for the sake of a very conservative approximation, let us assume that the population was only 
12,000, a total which would have been reached after about 1100 years15); thereafter the population was kept 
stable by means of outward migration and/or birth control. If we assume that each household con-
15^ Kirch (1984:222), based on Cameiro’s (1972) formula, calculated a ‘full-land’ situation and showed that this 
could have been reached 1091 years after colonisation. This issue has been discussed in greater detail in chapter 5.
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Table 6.11: Prediction of number of mounds and mound density if every family lived on a mound. Calcu­
lated for population sizes ranging from 12,000 to 30,000 and for various burial-mound to house-mound 
ratios.
R a t i o  b u r i a l  m o u n d s  : h o u s e  m ou nds
3 0 : 7 0 5 0 : 5 0 7 0 : 3 0
D a t e - 2 0 0 + 1 +3 5 0 + 650 - 2 0 0 + 1 +350 + 650 - 2 0 0 + 1 + 350 + 650
Y e a r s 2 0 5 0 1 8 4 9 15 0 0 12 0 0 20 5 0 184 9 1500 1200 205 0 18 4 9 1500 1200
G e n e r a t i o n s  68 62 50 40 68 62 50 40 68 62 50 40
Total number of mounds predicted
1 2 0 0 0  2 7 2 4 3  2 4 5 7 1  1 9 9 3 4  1 5 9 47 3 8 1 4 0 3 4 4 0 0 2 7 9 0 7 2 2 3 2 6 6 3 5 6 6 5 7 3 3 3 4 6 512 3 7 2 09
1 7 0 0 0 3 8 5 9 4 3 4 8 1 0 2 8 2 3 9 2 2 5 9 1 5 4 0 3 1 4 8 7 3 3 3 9 5 3 5 3 1 6 2 8 90 0 52 8 1 2 2 2 658 91 5 2 7 13
2 0 0 0 0 5 6 7 5 5 5 1 1 9 0 4 1 5 2 8 3 3 2 2 3 7 9 4 5 7 7 1 6 6 7 5 8 1 4 0 4 6 5 1 2 1 3 2 4 2 9 1 1 9 4 4 4 96 8 99 7 75 19
2 5 0 0 0 5 6 7 5 5 5 1 1 9 0 4 1 5 2 8 3 3 2 2 3 7 9 4 5 7 71 6 67 5 8 1 4 0 4 6 512 1 3 2 4 2 9 1 1 94 4 4 96 8 99 7 75 19
3 0 0 0 0 6 8 1 0 6 6 1 4 2 9 4 9 8 34 3 9 8 6 7 9 5 3 4 9 8 6 0 0 0 69767 55 8 14 1 5 8 9 1 5 1 4 3 3 3 3 1 1 6 2 7 9 9302 3
Mound density
1 2 0 0 0  104
(3cm2)
94 76 61 146 131 107 85 243 219 178 142
1 7 0 0 0 147 133 108 86 206 186 151 121 344 310 251 201
2 0 0 0 0 217 195 159 127 303 274 222 178 505 456 370 296
2 5 0 0 0 217 195 159 127 303 274 222 178 505 456 370 296
3 0 0 0 0 260 234 190 152 364 328 266 213 607 547 444 355
Mound density
1 2 0 0 0  52
(3cm2) ,
47
assuming that
38 30
50% of
73
all house mounds are
66 53 43
lost
121 109 89 71
17 0 0 0 74 66 54 43 103 93 75 60 172 155 126 101
2 0 0 0 0 108 98 79 63 152 137 111 89 253 228 135 148
2 5 0 0 0 108 98 79 63 152 137 111 89 25 3 228 185 148
3 0 0 0 0 130 117 95 76 182 164 133 107 303 274 222 178
sisted of ten people each, we arrive at 1,200 households, or mounds, in existence at any one time. 
Following the procedure for the calculation of mound phases per km2 (table 6.1), I now employ a figure 
of 4.3 house floors per mound and an average life expectancy of 30 years (or about one generation; see 
Appendix 3) for each house/house floor. In the light of the discussion on the beginning of house-mound 
construction (see above), I have calculated these values for four different starting dates and for the
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Table 6.12: Calculation of mounds occupied at any time, proportional territory around them and the 
number of garden allotments this area represents. The calculations are based on known mound densities 
on Tongatapu using various proportions of burial mounds to house mounds.
3 0 : 7 0
R a t i o b u r i a l mounds : i 
5 0 : 5 0
b o u s e  ;mounds
7 0 : 3 0
S t a r t  o f  mounds - 2 0 0 + 1 +3 5 0 + 650 - 2 0 0 +1 +350 + 650 -20C + 1 + 350 + 650
Y e a r s 2 0 5 0 18 4 9 1 50 0 12 00 20 5 0 18 49 1500 12 00 2 0 5 0 184 9 1500 1200
G e n e r a t i o n s 68 62 50 40 68 62 50 40 68 62 50 40
Mounds (= chiefs)
9 . 3  mds/km^  
1 5 . 6  mds /knu  
3 7 . 0  mds /km
107
180
426
119
200
472
147
246
582
183
308
727
77
129
304
85
143
337
105
176
416
131
220
519
46
77
182
51
86
202
63
105
249
79
132
312
2Tarritory (km )
9 . 3  mds /km2 2 . 4 4 2 . 2 0 1 . 7 9 1 . 4 3 3 . 4 2 3 . 0 8 2 . 5 0 2 . 0 0 5 . 7 0 5 . 1 4 4 . 1 7 3 . 3 3
1 5 . 6  mds /km- 1 . 4 6 1 . 3 1 1 . 0 6 0 . 8 5 2 . 0 4 1 . 8 4 1 . 4 9 1 . 1 9 3 . 4 0 3 . 0 6 2 . 4 8 1 . 9 9
3 7 . 0  mds/km 0 . 6 2 0 . 5 6 0 . 4 5 0 . 3 6 0 . 8 6 0 . 7 8 0 . 6 3 0 . 5 0 1 . 4 4 1 . 3 0 1 . 0 5 0 . 8 4
Number of 'api
9 . 3 mds /km2 73 66 53 43 102 92 75 60 171 154 125 100
1 5 . 6 mds /km2 44 39 32 26 61 55 45 36 102 92 74 60
3 7 . 0 mds/km 18 17 13 11 26 23 19 15 43 39 31 25
2 2 Abbreviations: mds/km" - mounds per km .
three different house-mound to burial-mound ratios. The total number of mounds (table 6.11) ranges 
between 16,000 (ratio burial: house mounds 30:70; mounds since AD 650) and 63,600 mounds (ratio 
70:30; mounds since 200 BC). This results in mound densities between 61.1 and 243 mounds/km2, both 
figures far higher than those observed in reality. If we assume that 50% of all house mounds have 
disappeared due to gardening, we arrive at an average mound density of 30.5 (121) mounds/km2 through­
out Tongatapu, using the ratio of 30:70 (70:30). While the lowest predicted density of 30.5 mounds/km2 
is slightly lower than the greatest density of mounds observed in the surveyed areas, it is still 
twice as high as the average density (15.6 mounds/km2) for Tongatapu as a whole. It appears, there-
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Table 6.13: Approximation of number of burial mounds needed to accomodate the dead.
R a t i o b u r i a l mounds : house mounds
100 : 0 30 :70
Date -200 1 350 650 -200 1 350 650
Y ears 2050 1849 1500 1200 2050 1849 1500 1200
2 5 -y e a r  life  e x p e c ta n c y
L i f e t i m e s  82 74 60 48 82 74 60 48
12000 6560 5917 4800 3840 21867 19723 16000 12800
17000 9293 8382 6800 5440 30978 27940 22667 18133
20000 10933 9861 8000 6400 36444 32871 26667 21333
25000 13667 12327 10000 8000 45556 41089 33333 26667
30000 16400 14792 12000 9600 54667 49307 40000 32000
3 0 -y e a r  life  e x p e c ta n c y
L i f e t i m e s  68 62 50 40 68 62 50 40
12000 5467 4931 4000 3200 18222 16436 13333 10667
17000 7744 6985 5667 4533 25815' 23284 18889 15111
20000 9111 8218 6667 5333 30370 27393 22222 17778
25000 11389 10272 8333 6667 37963 34241 27778 22222
30000 13667 12327 10000 8000 45556 41089 33333 26667
3 5 -y e a r  life  e x p e c ta n c y
L i f e t i m e s  59 53 43 34 59 53 43 34
12000 4686 4226 3429 2743 15619 14088 11429 9143
17000 6638 5987 4857 3886 22127 19957 16190 12952
20000 7810 7044 5714 4571 26032 23479 19048 15238
25000 9762 8805 7143 5714 32540 29349 23810 19048
30000 11714 10566 8571 6857 39048 35219 28571 22857
4 0 -y e a r  life  e x p e c ta n c y
L i f e t i m e s  51 46 38 30 51 46 38 30
12000 4100 3698 3000 2400 13667 12327 10000 8000
17000 5808 5239 4250 3400 19361 17463 14167 11333
20000 6833 6163 5000 4000 22778 20544 16667 13333
25000 8542 7704 6250 5000 28472 25681 20833 16667
30000 10250 9245 7500 6000 34167 30817 25000 20000
4 5 -y e a r  life  e x p e c ta n c y
L i f e t i m e s  46 41 33 27 46 41 33 27
12000 3644 3287 2667 2133 12148 10957 8889 7111
17000 5163 4657 3778 3022 17210 15522 12593 10074
20000 6074 5479 4444 3556 20247 18262 14815 11852
25000 7593 6848 5556 4444 25309 22827 18519 14815
30000 9111 8218 6667 5333 30370 27393 22222 17778
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Table 6.13 (ct’d): Approximation of number of burial mounds needed to accomodate the dead.
R a t i o  b u r i a l mounds : house mounds
50:50 70:30
Date -200 1 350 650 -200 1 350 650
Years 2050 1849 1500 1200 2050 1849 1500 1200
25-year life expectancy
L i f e t i m e s  82 74 60 48 82 74 60 48
12000 13120 11834 9600 7680 9371 8453 6857 5486
17000 18587 16764 13600 10880 13276 11974 9714 7771
20000 21867 19723 16000 12800 15619 14088 11429 9143
25000 27333 24653 20000 16000 19524 17610 14286 11429
30000 32800 29584 24000 19200 23429 21131 17143 13714
30-year life expectancy
L i f e t i m e s  68 62 50 40 68 62 50 40
12000 10933 9861 8000 6400 7810 7044 5714 4571
17000 15489 13970 11333 9067 11063 9979 8095 6476
20000 18222 16436 13333 10667 13016 11740 9524 7619
25000 22778 20544 16667 13333 16270 14675 11905 9524
30000 27333 24653 20000 16000 19524 17610 14286 11429
35-year life expectancy
L i f e t i m e s  59 53 43 34 59 53 43 34
12000 9371 8453 6857 5486 6694 6038 4898 3918
17000 13276 11974 9714 7771 9483 8553 6939 5551
20000 15619 14088 11429 9143 11156 10063 8163 6531
25000 19524 17610 14286 11429 13946 12578 10204 8163
30000 23429 21131 17143 13714 16735 15094 12245 9796
40-year life expectancy
L i f e t i m e s  51 46 38 30 51 46 38 30
12000 8200 7396 6000 4800 5857 5283 4286 3429
17000 11617 10478 8500 6800 8298 7484 6071 4857
20000 13667 12327 10000 8000 9762 8805 7143 5714
25000 17083 15408 12500 10000 12202 11006 8929 7143
30000 20500 18490 15000 12000 14643 13207 10714 8571
45-year life expectancy
L i f e t i m e s  46 41 33 27 46 41 33 27
12000 7289 6574 5333 4267 5206 4696 3810 3048
17000 10326 9313 7556 6044 7376 6652 5397 4317
20000 12148 10957 8889 7111 8677 7826 6349 5079
25000 15185 13696 11111 8889 10847 9783 7937 6349
30000 18222 16436 13333 10667 13016 11740 9524 7619
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fore, that the number of observed mounds does no tally with the number of mounds predicted if every 
family had lived on one. These figures tally even less if we reduce the size of the average family or 
increase the population of Tongatapu. In conclusion, therefore, it seems that not everybody lived on 
mounds and that it is likely that only chiefs lived on them.
In a second step, we have to establish which class of chiefs lived on the mounds, as there is a 
distinction between the matapule, who were the heads of XhQfa’ahinga (an administrative subdivision, 
see Appendix 1), and the hou’eiki, who were the heads of a larger administrative organisation, the 
kainga (see figure A l.l) .
Let us assess, how many mounds existed at any one time, given the observed mound densities. Table 6.12 
summarises the results of this exercise. I have used the lowest (9.3 mounds/km2) and highest (37.0) 
mound densities recorded for Tongatapu (table 6.1), as well as the average density (15.6 mounds/km2). 
These figures are equivalent to totals of 2450-9700 mounds. On the basis of an average of 4.3 phases 
per mound and the assumed length of one generation (30 years; see Appendix 3) as the usage time per 
house floor, I calculate that at least 46 (mound density 9.3; beginning at 200 BC; ratio 70:30) and 
possibly as many as 727 mounds (mound density 37.0; beginning at AD 650; ratio 30:70) were occupied on 
Tongatapu at any one time (table 6.12).
Let us restrict the following discussion to the average mound density. The minimum number of chiefs on 
this basis is 77 (ratio 70:30; beginning 200 BC) and the maximum number 308 (ratio 30:70; beginning AD 
650), not counting those chiefs living at the royal court at Heketa or later at M u’a. Each of these 
chiefs would have had 3.4 (0.85)km2 at his disposal, which, based on a modem land allotment (’api 
’uta) size of 3.34 ha, is the equivalent 102 (26) ' api ’uta.
If the statement that only the houses of chiefs stood on platforms were unreservedly true, then we 
would have to accommodate up to several hundred ‘chiefs’ in the political structure of Classical Ton­
ga. Is this feasible? Given the size of the royal kava ring16), it is unlikely that more than 30-40
16^ The present royal kava ring is the that of the Tu’i Kanokupolu as amended in 1957 and possibly also already 
altered during the 19th century (c/. Gifford 1929; Bott 1972; Bott & Tavi 1982). It comprises 58 ranking people, 
30 hou’eiki and 28 matapule, and the kava mixer and his attendants (Gifford 1929: 96).
Chapter 6: The pattern of settlement • 328
hou’eiki and their matapule took part, giving a total of 60-80 participants. While the lowest calcu­
lated number of chiefs (77) is more than twice that of hou’eiki in the royal kam  ring, they could be 
accommodated if we take the matapule into account. A number of 308 chiefs, however, appears far too large.
At this point the argument becomes complicated by the high proportion of mounds of unknown function. 
If the ratio of burial mounds to house mounds were 70:30, it might well be possible that the mounds 
were occupied only by the hou’eiki. However, as the proportion of house mounds to burial mounds in­
creases, so does the number of chiefs to be accommodated in the system, so that the more likely it 
becomes that the societal level for which mound building was permitted was not that of the hou’eiki but 
the lower level of matapule. As discussed in Appendix 1, the matapule were the ‘ulumotua, the heads of 
fa ’ahinga, collateral subdivisons of the kainga of the hou’eiki. It is quite imaginable that a fa ’a- 
hinga comprised an average of about 35 to 60 ’api each, a number which is administratively manageable.
This modelling has been based on the assumption of a homogeneous mound density across Tongatapu. We 
have seen at the beginning of this chapter, however, that this is not the case and that some areas, 
especially in the southeast, have a higher density. This has been interpreted as indicative of an 
earlier inland push in the eastern part of Tongatapu and a gradual expansion of the settlement area 
from there. In such a light, we would assume that the number of ‘ulumotua increased in step with thos 
expansion. This is well in keeping with traditional models of the proliferation of chiefly titles due 
to collateral split of ramages (Sahlins 1958).
In the Western Polynesian framework, the closeness between Samoan and the Tongan material culture has 
been frequently noted. Such a closeness is obviously the result of both common roots and continuous 
contact, with exchange of items, ideas, and ‘idea carriers’ (spouses). The conclusion that the Tongan 
mounds are chiefly rather than commonplace bears on the differentiation between Tonga on the one hand 
and Samoa, but also Fiji, on the other. In both Samoa and Fiji, house platforms are occupied by com­
moners and chiefs alike (Buck 1930; Jennings et al. 1983; Tippett 1968). Social differentiation is 
reflected in the size and volume of the mounds (Jennings et al. 1983). The Tongan case seems to devia­
te because of the lack of suitable stone, so that societal differentiation had to be expressed by mounding.
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W ho buried  in the m ounds?
Following from the results of the previous exercise, another question arises. If the house mounds are 
insufficient to accommodate everybody, the same may actually be the case for the burial mounds. There­
fore another approximation is necessary to determine whether the number of burial mounds is adequate 
to contain all of the dead or whether we are again dealing with selected classes of people. Based on 
the average mound density on Tongatapu of 15.6 mounds/km2 and the two extreme burial- to house-mound 
ratios of 30:70 and 70:30, we can expect 1226 burial mounds in the former case and 2861 in the latter.
Let us now estimate the number of mounds needed to cater for all the dead, assuming that all burial 
mounds were abandoned by the end of the Civil Wars (1852). To arrive at a conservative estimate, let 
us assume an average life expectancy of about 30 years17) and a stable population of 12,000 people. 
This represents 820,000 people to be buried if we start our calculations at 200BC and 
480,000 people if we start at AD 650. Since there is little hard evidence about the antiquity of 
burials in mounds, as we have seen earlier in this chapter, the figures employed have been chosen to 
be compatible with the previous approximations of house mounds. Assuming that on average 150 people 
are buried in a mound18), between 3200 and 5500 burial mounds are required to cater for all the dead. 
Depending on the ratio of house mounds to burial mounds, the total number of all mounds predicted by 
this exercise increases to 4600 (ratio 30:70) or even 18,200 (ratio 70:30). Since we have at most only 
2860 burial mounds at out disposal, it can again be argued that there are simply not enough mounds to 
cater the whole population.
If we vary the average life expectancy, the number of mound required varies accordingly from 2100 (45- 
year life expectancy; burials mounds from 650 AD) to 6560 (25-year life expectancy; burial mounds from 
200 BC). Any assumption of a higher population results in more corpses and thus more mounds.
17} See Chapter 5, footnote 29 for discussion.
18) Three burial mounds have been excavated in some detail, two by Davidson (1969; sites TO-At-1 and TO-At-2) 
and one by myself (TO-At-36; see Excavation Report 3). Each of the three sites was dug by a lm-wide trench, 
which discovered 46, 44 and 40 interments respectively. Extrapolating from the excavated area to the entire 
mound, we can anticipate that each of the mounds contains about 200-250 burials. However, since burial mounds 
with considerably fewer interments are known, such as TO-Fa-4 (see Excavation Report 10) and TO-At-86 (Excava­
tion Report 5), an arbitrary value of 150 interments per site has been chosen.
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Given the lack of information on the beginning of mound burial, it is possible that burying in 
mounds is as late as AD 650 and that therefore the maximum number of potentially available burial 
mounds (2860) is sufficient to cater for the whole population, assuming a life expectancy of 35 years. On the 
whole, however, the mathematical approximation has shown that there are not enough mounds. On the 
other hand, it should be kept in mind that burial in caves and especially on beaches also occurred, 
which may account for some of the excess number of bodies in our calculations. Even if we assume that 
half the bodies are buried on beaches, in caves or disposed of otherwise19), then the number of burial 
mounds available is only sufficient to cater for a population of 12,000 people (30-year life expec­
tancy) if we use the the highest proportion of burial mounds feasible (70%). If we increase the pro­
portion of house mounds, it is no longer possible.
In conclusion, the number of available burial mounds in insufficient to cater for all the dead. The number 
of available mounds will be marginally sufficient only if mound burial started substantially later 
than AD 650. Unless we invoke the chronological explanation, we have to ask who was buried in the 
mounds. Given that the discrepancies between the expected values and the predicted ones are not as 
great as in the exercise on house mounds, we cannot argue that only chiefly people were buried in the 
mounds.
19) Which in itself, of course, may be construed as a status indicator.
Chapter 7: The pattern of habitation • 331
CHAPTER 7
THE PATTERN OF HABITATION
This chapter describes large-scale excavations undertaken to investigate the nature of the basic units 
of Tongan habitation, the compounds. The descriptions of these in the records of early European 
observers are discussed at the start. The excavations which were carried out to define them 
archaeologically and, if possible, investigate their origin and development, were in the main 
unsuccessful in these aims for reasons that will become clear, but produced some relevant information 
nonetheless. There are three excavations to be described. Two of them, one on the offshore island of 
Pangaimotu and the other south of Veitongo in the Ha’ateiho transect, dealt with mound groups and 
therefore, from the indications of the last chapter, with chiefly habitations, while the third and 
largest, at M a’ofanga, surprisingly contained no evidence for domestic structures at all.
The Veitongo excavations arose directly out of the intensive site survey of the Ha’ateiho transect. 
They were begun in 1986, but could not be completed, as planned, in 1987 because in the interim the 
landowner planted the area with yams.
The Pangaimotu mounds were excavated in 1987, not simply in their stead, but with the aim of 
addressing the question of the antiquity of beachrock quarrying on the island, it being assumed that 
the stonemasons lived on the mounds (to be dealt with in chapter 8).
The M a’ofanga investigations of 1989 took advantage of the removal of a large area of topsoil prior to 
industrial development at the Small Industries Centre.
THE EUROPEAN EVIDENCE 
Compounds
General
The compounds (Tongan: ’apt) are the basic unit of the observed settlement pattern. The ’api forms a 
household unit^ comprising basically one (extended) family and, depending on the family’s status,
^ In this I follow the nomenclature of Jennings (1980) who identified similar compounds in the archaeological 
record of 13th century AD Samoa.
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Figure 7.1: Chiefly compound (’ api) at Hihifo in 1643, probably the compound of the Tui Kanokupolu. 
Detail from a sketch made by Abel Tasman in his logbook (after Heeres 1898).
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Figure 7.2: Compound f  api) bordered by roads. Note the pig-fence blocking the road, the protection of 
the tree against feeding pigs and the styles on the road and at the entrance to the compound. Note 
also that the house is largely concealed by surrounding trees. (Drawing by L.de Sainson in 1826, on 
Dumont d’Urville’s first voyage to Tonga; this figure reproduced from the German edition; note that 
the figure is mirror-imaged compared with the French original).
retainers. Every household unit was essentially self-contained and consisted of housing, cooking faci­
lities, food-storage units, both above and below ground, and plantations. Each 'api was enclosed by a 
fence and bordered by roads at least on one side. Wales (1969:812) mentions that the compounds were 
roughly rectangular in lay-out.
The dimensions of the compounds are not usually mentioned but can be inferred from a comment by one of 
Cook’s officers, Bayley, who in 1772 ‘walked into the country’ of ’Eua with Forster and fellow offi­
cers: he speaks of the Tongan road system as a series of ‘walks’ with small ones intersecting longer 
ones about every quarter-mile and so breaking up the plantations (Cook 1969:246). If we assume a rect­
angular lay-out of the ’api as indicated by Wales, that every ’api had access to a road and that as 
little space as necessary was used up by roads (as indicated by Cook [1969:252]), then three or four 
’api are likely to have been present between each intersection. This is equal to a road frontage of
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Table 7.1: Area of compounds in Tonga past and present
Compound Size (ha) Size (kmz)
Present
Town allotment (Constitution) *> 0.16 0.00016
Bush allotment (Constitution) *) 3.34 0.0334
Royal Palace grounds** 2.81 0.0281
Past
Commoners' compounds ? ? ? ? ? ??????
Chiefly compounds ????? ??????
Compounds of petty chiefs (?) *) 6.07 0.0607
T u ' i  H a 'a ta k a la u a  compound Mu'a2* 9.20 0.0920
T u ' i  Tonga compound Mu'a3) 19.28 0.1928
Notes: 1) prior to the construction of the new foreshore protection works in 1986. 2) see chapter 9. 3) as 
defined by the fortification (see chapter 9).
-150 m for each ’api, if three compounds were present, or -115 m if there were four.2* The depth of 
the compounds is less certain. Tongan land law, which is in principle and spirit based on the Tongan 
Constitution of 1865, grants every male over 16 years of age a bush allotment (’api uta) of 8.25 acres 
and a town allotment (’api kolo) of 1 rood and 24 perches (-2/5 of an acre). If the dimension of the 
’api uta is any guide to the pre-1865 size of the commoners’ compounds, then the average ’api would 
have extend for ~220m from the road if the road frontage was 150m and ~280m if it was 115m.
The question arising from the tripartite settlement pattem described above is whether this assumed 
size of ’api is representative. Marra (1775:62) mentions that ‘behind every house a piece of ground 
was allotted [for planting] at least a hundred feet [~30m] long’. Since we can assume that Marra 
would have mentioned it if the compound had extended for several hundred feet, we can infer that the 
compounds seen by Marra were smaller in depth than reconstructed, and thus also possibly smaller in 
road frontage. This is somewhat supported by a lithograph contained in Dumont d ’Urvilles description
2* Assuming that the mile referred to is a nautical mile (1.852 km). If the mile is a statute mile (1.609 km) 
then the dimensions would have been about 130 m in the case of three or 100 m in that of four compounds.
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of Tonga (drawn in 1826), which shows a relatively small compound (figure 7.2).3) In 1798 the 
missionary George Vason was given an ’api of 15 acres by his mentor Mulikiha’amea, at that time the 
16th Tu’i Ha’ atakalaua (Anonymous [Vason] 1810:128-129), which had been traded from another chief. It 
is likely that 15 acres represents the size of an ’api of a petty chief.4)
We can distinguish three different kinds of compounds, depending on the societal status of the indivi­
dual: compounds of commoners, compounds of members of the chiefly classes (i.e. hou’eiki and matapule) 
and the compounds of the Tu’i Tonga, Tu’ i Ha’ atakalaua or Tu i Kanokupolu. The compound of the commo­
ners forms the standard unit, to which several features are added with rising societal rank. We can 
also assume that the size of the ’api was dependent on such rank (table 7.1). In the following I will 
describe both the compounds of the commoners and those of the chiefs, while I will address the royal 
compounds in chapter 9).
Compounds of commoners
The available historical records are clear as to the general appearance of the ’api: the compounds 
consisted of two parts, a living area, where the houses and food-storage and cooking areas were loca­
ted, and a plantation area (Marra 1775:62; Cook 1777:1 214). Based on European descriptions and Tongan 
traditions, we can attempt to reconstruct the lay-out (figure 7.5). The main building was erected 
somewhere near the entrance. Since most of the European vistors refer to chiefly compounds it is 
unclear whether the commoner’s houses were erected on mounds or not. It was surrounded by fmit- and 
other utility trees (for flowers, oils etc.), which provided shade and also acted as a windbreak. 
There will have been at least one outhouse, used for food storage and for the accommodation of the 
young boys. The brother-sister avoidance practised in Tonga required the boys not to sleep under the 
same roof as the girls, who slept in the parents’, i.e. main house. More probably, however, there were 
two outhouses, a boys’ house and a separate storage house. We can also expect a separate cooking area,
3) It is, of course, debatable to what extent this drawing is accurate or is simply generalised to give an 
overall impression.
Over time Vason increased the size of his compound (Anonymous [Vason] 1810:155). Both transactions indicate 
that sale or trade of land and serfs were possible in early Tonga.
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Figure 7.3: Lay-out of a chiefly compound in the 18th century. Bird’s eye view.
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Figure 7.4: Lay-out of a chiefly compound in the 18th century.
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Figure 7.6: Lay-out of a commoner’s compound in the 18th century (compiled from various sources).
Pl
an
ta
tio
n
Chapter 7: The pattern of habitation • 340
Figure 7.8: Lay-out of a commoner’s compound in the late 1920s (after Beaglehole & Beaglehole 1947).
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consisting of a cooking shed, most likely a fale hunuki, and an earth oven. Tongan traditions mention 
that cooking never took place in the main house. Storage pits are likely to have existed, though none 
of the European visitors talks about them. We can anticipate that the cooking areas were on the lee­
ward side of the main buildings, so as to avoid the smoke of the cooking fires. Plantations existed 
behind this living area. It is probable that the plantations were fenced off from the living area in 
order to keep pigs out.
Chiefly compounds
The chiefly compounds (figure 7.3 & 7.4) were larger versions of the commoners’ ’api and differed from 
these only in three aspects of their lay-out: they had an open well-kept lawn, acting as a reception 
area (mala’ e), between the entrance to the compound and the main house and bordered by trees providing 
shade; the main house stood on a mound or platform, and they had a greater number of outhouses to 
accommodate the retainers. The main house was erected on a slightly raised floor of about one to one 
and a half feet (0.45m) in thickness, which was larger than the actual house and provided a sort of 
verandah surrounding it. The floor was of beaten soil covered with a thick layer of grass, which in 
turn was overlain by thick mats. This provided for a relatively soft floor (hulu), which could also be 
kept clean. The status differentiation of the chiefly house mounds (tu’ unga fale, paepae) was main­
tained by the choice of material for retaining walls, whether coconut logs (paepae falo), coral boul­
ders or beachrock slabs (maka paepae falo). The lowest-ranking sites had no retaining walls at all. 
(McKern nd.). The mound was surrounded by a shallow ditch from where the soil for the house floor(s) 
had been procured. We can expect the ditch to have at least two breaks, one near to, and possibly 
pointing towards, the entrance of the compound, and one leading towards the outhouses. The boys’ 
houses, the buildings of the retainers and the cooking and food-storage areas were all located behind 
the main dwelling, which itself was surrounded by fruit and ornamental trees providing shade and 
acting as a windbreak (Cook 1777:1 193-194; Anderson 1967a: 1004). In addition to the dwellings of the 
retainers (kau nofo\ Martin 1817: II 297; Anonymous [Vason] 1810:94) and storage facilities, both 
storage houses and storage pits, we can expect a water cistern (lepa), which was used as a water 
supply and bathing place for the chief (McKern n.d.). Anderson indicates that the areas where the
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retainers lived were sectioned off by low fences. The plantation area, which contained banana and 
breadfruit trees as well as coconut palms and the like, but no substantial plantations of yams, taro 
or plantains, was again fenced off from the living areas. Such a lay-out would insure that the pigs 
were kept out of both plantation and reception area. The quality of the houses of the dependents was 
less than that of the chief living there (Anderson 1967: 1004-1005).
General
Houses
Various house and hut types5) existed in Tonga, which are terminologically distinguished by the 
Tongans on the basis of their form, construction, material, size, function and status. In addition, 
all main dwelling houses were individually named.6) From the archaeological point of view a rigidly 
typological classification of huts and houses and their manifestation in the archaeological record is 
of importance, as the superstructures do not survive. The following types can be distinguished:
• fale foiakau, hut, temporary shelter
• fale hunuki, cooking shed
• fale fakafuna, rectangular dwelling house with no gable posts
• fale fakafefine, rectangular dwelling house with gable posts
• fale fakamanuka, oval dwelling house
• fale valujale hau reception and kava house
• fale ufi,fale oko, food-storage houses
• alafolau, canoe house
All types are described in Appendix 2 in terms of their construction, their societal differentiation and 
their signature and identification in the archaeological record.
Archaeologically we should be able to pick up all those features of houses which have resulted in a 
modification of the soil. Thus, in principle, we should be able to recognise house sites by their 
raised floors and postholes, to distinguish house types on the basis of their posthole patterns and to 
discover fence lines, as well as storage pits and ditches, the latter dug for the procurement of the
Following the German ethnographic tradition I define a hut as a building without separate walls and a house 
as one with separate walls. Thus a building like the fale hunuki, which consists only of roof, is classified as 
a hut. McKern (nd) distinguishes between type I and type II houses, which are houses and huts respectively.
^  A new building replacing an old one would be given a new name; only the houses of the T u i Tonga, the T u i 
Ha’ atakalaua and the Tu’i Kanokupolu had individual names which were perpetuated: Olotele, Fonuamotu and Langa- 
kali respectively.
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Figure 7.8: Tongan house types. Actual ground plans and elements likely to be archaeologicaily 
recognisable. Top: fale fakafuna\ bottom: fate fakamanuka.
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soil needed for the raised floors. In practice, however, the evidence is much poorer. Only traces of 
those posts survive which were sunk into the subsoil. Thus, all wall posts of the fale fakamanuka are 
set into the topsoil only and thus escape archaeological recognition. In the event, the archaeological 
trace o f a fale fakamanuka, the main house type (figure 7.8), is similar to that of the fale faka- 
funa , an outhouse (figure 7.8). A distinction may be possible based on the spacing of the posts.
THE ARCHAEOLOGICAL EVIDENCE: PANGAIMOTU 
Sitting on the north to northeast-trending fringing reef, Pangaimotu is the largest of the small sand 
cays off Tongatapu and, lying about 4.5 km northeast, also the closest to Nuku’alofa (see Vol.2, 
Excavation Reports, Pages 256-292 for details). In some places the depth of water between Pangaimotu 
and the Tongatapu mainland is less than 1.5 m, which at low tide allows access on foot by a somewhat 
circuitous route via the islands of Nukunukumotu, Manima and ’Oneata. The island is roughly triangular 
in shape and measures approximately 680m north-south and up to 500m east-west, with an total area of 
approximately 22.3 ha. The island is generally flat, with a slightly higher area in the north. The 
southern end, being lower, tapers out (figure 7.9). The average height of the northwestern part of 
the island is 1.27 + 0.49m above HWL (based on 2473 individual hand-levelled spot heights)7), the 
maximum height, on top of one of the prehistoric mounds, being 4.96m above HWL. Of all spot heights 
73.7% are below 1,5m above HWL and 99.4 % are below 2.2m. The low-lying character of Pangaimotu makes 
the island particularly vulnerable to storm surges: a surge caused by Cyclone Isaac (1982) had a 
height of more than lm  above HWL, sweeping the entire southern part of the island and flooding an 
electric generator erected 0.8m above ground (E. Emberson, pers. comm.). The island consists of sand, 
without any trace of tephra-derived soil; an extensive outcrop of beachrock is located at the western 
shore of the island.
7)
The contour map was produced using the geographical information system ARCINFO, run on the VAX cluster of 
the Computer Services Centre, ANU. I am grateful to Robin Grau, Department of Human Geography, Research of 
Pacific Studies, ANU, for assistance with the production of the map.
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Table 7.2: Sites on Pangaimotu.
TO-Pi-1 Kitchen midden, excavated by McKern in 1920, could not be relocated 
TO-Pi-2 House- and burial mound, excavated by McKern in 1920, could not be relocated 
TO-Pi-3 House mound, 3 phases, test-pitted in 1987 (see Excavation Report 22)
TO-Pi-4 Burial mound, 2 phases (?), test-pitted in 1987 (see Excavation Report 23) 
TO-Pi-5 House mound, 6 phases, test-pitted in 1987 (see Excavation Report 24)
TO-Pi-6 House mound, 3 phases, test-pitted in 1987 (see Excavation Report 25)
TO-Pi-7 House mound, 4 phases, profile drawn in 1985 (see Excavation Report 26) 
TO-Pi-8 Quarry site
TO-Pi-9 Catalogue number not used, as some confusion with site TO-Pi-2 has occurred
TO-Pi-10 Scatter of modem and prehistoric (?) midden material at the southwestern shore
TO-Pi-11 Slab-built burial site, 3 x 4 m, not excavated
TO-Pi-12 Scatter of oven stones and sherds at the southeastern shore
TO-Pi-13 House mound, 7 phases, test-pitted in 1987 (see Excavation Report 27)
TO-Pi-14 House mound, one phase, test-pitted in 1987 (see Excavation Report 28)
TO-Pi-15 Burial- and house mound, test-pitted in 1987 (see Excavation Report 29)
TO-Pi-16 Stockpile of beachrock slabs at southern tip
The distribution and function of sites
McKern noted the quarry on the west side of the island (TO-Pi-8; McKern 1929: 5) and excavated a ‘kit­
chen midden’ (Site TO-Pi-1; ibid. 102-103) and a burial mound, which had subsequently been used as a 
habitation site with earth ovens (TO-Pi-2; ibid. 104-106). During the 1985/86 field season Pangaimotu 
was surveyed in a preliminary fashion and in 1987 it was re-surveyed thoroughly. Due to heavy coverage 
with dense bush, thickst in the northeast, some sites may have been overlooked. A group of eight 
mounds, the only mounds on the island, was seen at the western tip of the island, directly above the 
outcrop of beachrock.8)
The quarry
At the western shore of the island there is an extensive outcrop of beachrock, running roughly north- 
south. While the southern end, where the outcrop is at its widest, shows large-scale quarrying, and 
also instances where slabs have been successfully quarried from a second, lower layer of beachrock, 
the northern end has a predominance of slabs on which work was started but not completed, sugges-
Q \
The excavated sites described by McKern could not be located during the two field seasons and it seems as 
if both, and certainly the ‘kitchen midden’, have been completely washed away. In 1987 all visible mounds were 
test-pitted at the centre and none of them showed any evidence of the disturbance which could be expected from 
McKern’s extensive excavations.
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Figure 7.9: Contour map of Pangaimotu (contour interval 0.1m) plotted against a background of the
unlevelled part.
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Figure 7.11: Contour map of the mound group of Pangaimotu (contour interval 0.1m).
in diameter. As these ovens appear to be cut roughly in half, we can assume the loss of 0.7m of land, 
plus at least a further couple of metres to allow for the slope of the mounded site. This lost ground 
would have covered part of the beachrock outcrop, though not any of the quarried areas. Pieces of vol­
canic oven stones were found firmly embedded in the quarried area of the beachrock near site TO-Pi-7, 
indicative that an archaeological site (site TO-Pi-7 itself?) had once extended to this point and 
covered it. However, beachrock can develop very quickly, and this embedding could have easily happened 
in the past 100 years.
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TO-Pi-7 TO-Pi-13 Midden TO-Pi-5 TO-Pi-3 TO-Pi-15
Figure 7.12: 14C chronology of Pangaimotu based on calibrated dates (BP). Given are the intercepts 
(black), the 1 sigma (dark stipple) and 2 sigma (light stipple) error margins.
The mound group in the northwest
Near the beachrock outcrop which harbours the quarry a group of six low mounds was encountered, 
roughly in a line running perpendicular to the shoreline (TO-Pi-3, -4, -5, -6, -7, -13). Two 
additional mounds (TO-Pi-14, -15) are north of this row (figure 7.11). At the time of survey and ex­
cavation (1987) most of the sites were covered with a dense growth of guinea grass (Panicum maximum),
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indicating that the area had been cultivated in the past. Some patches of manioc and pawpaw near TO- 
Pi-13 gave evidence of more recent gardening activities. Site TO-Pi-7, exposed by wave erosion, had 
already been recorded in 1985/86 (Spennemann 1986a:62-64; Excavation Report 26). All other mounds were 
test-pitted (lx l m, TO-Pi-5: 2 x 1 m) in their centre (Excavation Reports 22-25, 27-29). Site TO-Pi- 
13, which showed on its southern side a facing of irregular, unquarried beachrock slabs, was later ex­
cavated on a larger scale (6 x 34m). Mounds TO-Pi-3, -5, -6, and -13 proved to be house mounds, 
while TO-Pi-4 turned out to be a burial mound. Site TO-Pi-14 was a low rise, possibly the incipient 
phase of a house mound, while TO-Pi-15, which began as a house mound, was later used as a burial site.
Other sites
In addition to the sites described above, the eastern, windward, shore produced evidence of a coastal 
site, which is now completely eroded (TO-Pi-12). The intertidal zone in front is littered with frag­
ments of volcanic rocks, which had been used as earth-oven stones. The occasional stone-adze fragment 
and waterwom potsherd was also picked up. The scatter is so general that it may well represent two 
sites rather than one. No sites could be seen inland of the beach, so that human habitation at this 
point appears to have been restricted to the shore.
In the southeast, about 120m northeast of a small tourist complex, there is an enclosed area, 
square in ground plan and measuring about 3 by 4m in dimensions. The curbing stones consist of small 
upright beachrock slabs. The site (TO-Pi-11) rests on level ground and the centre of the stone-lined 
area is covered with coral sand, which is cleaner and yellower than the stained greyish sand of the 
surrounds. While no definite information could be obtained about who was interred there, some specula­
tions were aired that it was one (two?) European(s), at the end of the last century.
Shifting sand at the southern end of the island led, over the years 1986 and 1987, to the exposure of 
a pile of dressed slabs procured at the quarry. In 1988 this was again largely covered by sand. The 
slabs (TO-Pi-16) are largely located below the high-tide mark and appear to represent a stockpile 
ready for shipment. The question arises whether similar stockpiles exist, lying unrecognised under the sand.
Chapter 7: The pattern of habitation • 351
Table 7.3: 14C dates for archaeological sites on Pangaimotu. Mat. - Material dated
Site Sample Mat. Lab.No. Date BP* Date cal. BP Date cal. AD/BC
TO-Pi-7 ' umu 1 Cha ANU-57271 110 + 80TO-Pi-13 F 101 S 6 ANU-6424 370 + 60TO-Pi-7 L 8 S 1 ANU-5728 395 + 60
TO-Pi-15 'umu SI Cha ANU-6428 800 + 110TO-Pi-3 PI. 6 Cha ANU-6609 1010 + 350TO-Pi-13 543/517 S 2 ANU-6423 1440 + 70TO-Pi-5 F 5 S 7 ANU-642 6 1630 + 60
TO-Pi-6 C14 S 2 Cha ANU-6427 1900 + 160TO-Pi-7 L 10 S ? ANU-572 6 1970 + 60
281 (117) 0* AD 1669 (1833) 1955*
505 (470) 317 AD 1445 (1480) 1633
512 (486) 330 AD 1438 (1464) 1620
892 (705) 670 AD 1058 (1245) 1280
1290 (935) 660 AD 660 (1015) 1290
1397 (1329) 1292 AD 553 (621) 658
1603 (1534) 1502 AD 347 (416) 448
2049 (1863) 1629 BC 100 (AD 87) 321
1992 (1928) 1867 BC 43 (AD 22) 83
Notes: A value of 0*cal BP and 1955* cal AD indicates the presence of bomb-influenced carbon.
Abbreviations: Cha - charcoal; S 1: Anadara antiquata\ S 2: Gafrarium tumidumiG.pectination', S 6: Pinctada 
?maculata; S 7: Tridacna maximal T.gigas; S ?: shell mixture. Notes: 1) Date ANU-5727 has the following 
intercepts: cal AD 1703, 1718, 1824, 1833, 1878,1917 and 1955; cal BP 247, 232, 126,117, 72, 33 and 0*.
The entire area parallel to the quarry shows a very black and sooty topsoil/sand which is littered 
with European refuse, most of which derives from the resort (TO-Pi-10). However, one piece of 19th 
century material, a French relic cross dating to the beginning of the century, has been found there.
The chronological sequence of mound construction 
In total nine 14C dates are available from six of the sites on Pangaimotu (table 7.3). These have been 
plotted as calibrated dates BP with their 1 and 2 a  error margins in figure 7.12. Based on these 
dates, the chronology of human settlement on Pangaimotu can be grouped into three phases: phase I from 
about 1900-2000 cal BP (50BC - AD50) to 1300 BP (AD650), phase II from 1300 BP to 550 BP (AD 
1400), and phase III from 550 BP to the present day. It should be noted, however, that a prolonged 
hiatus may exist between individual phases, as is highlighted by site TO-Pi-7, where two successive 
phases are separated by 1200 years.
The chronologico-spatial distribution of mounds
As is apparent from table 7.3, not all of the sites are contemporaneous. A chronological assessment on 
the basis of atmospherically corrected radiocarbon dates provides three levels of dating, the inter­
cept with the calibration curve and the time spans covered by the 1G and the 2G error margins. In or-
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Figure 7.13: Distribution of the main mound group on Pangaimotu, based on 14C chronology (calibrated 
dates BP). Shown are various slices through time. Black dots: date falls at 1 G within the age range.
Open circles: date falls at 2 G within the age range.
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Figure 7.14: Distribution of the main mound group on Pangaimotu, based on 14C chronology (calibrated 
dates BP) and other evidence. Shown are various slices through time. Black dots: date falls at 1 G 
within the age range. Open circles: date falls at 2 G within the age range or the site has been dated 
by other means.
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Table 7.4: Number of mounds on Pangaimotu in use in the individual time slices.
Time slice 
(cal BP)
Securely 
dated 
1 a
Tentatively
dated
2 a  & relative Total
0- 200 l 3 4
200- 400 2 3 5
400- 600 2 4 6
600- 800 2 3 5
800-1000 2 2 4
1000-1200 1 3 4
1200-1400 2 3 5
1400-1600 1 4 5
1600-1800 1 3 4
1800-2000 2 1 3
2000-2200 1 1 1
der to permit comparison of site-distribution patterns of different ages, time has been arbitrarily 
divided into a series of slices of 200-year duration each. In figure 7.13 all sites have been plotted 
in their spatial relationship in the various time slices, using the l a  and 2a  margins as criteria. As 
is evident (figure 7.13), not much patterning can be seen. It appears that occupation began in the 
southern part of the mound group, then almost died out and subsequently expanded towards the north. In 
the final stages it retracted again to the southern group. However, information other than simple 14C 
dates is available, such as the number of house-mound phases preceding and following the dated phase. 
If we include this information, we arrive at figure 7.14, which seems to indicate that mound building 
started in the southern part, then extended to the north and finally contracted to south again. The 
number of mounds in use in any one time slice (see table 7.4) remains roughly the same (4-5 mounds).
It is important to point out that the overall distribution of sites on Pangaimotu is not random. The 
concentration of the mounds at the western tip, where the quarry is located, is obvious. It seems rea­
sonable to assume that the people who lived on the mounds were somehow involved in the quarrying acti­
vities. Proof for this is hard to come by. However, the following observation is relevant. The regio­
nal distribution of Tridacna-shell adzes in surface collections, finished and half-finished, shows a
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close correlation with quarries.9) It appears that shell adzes were used as quarrying tools. If so, 
the mounds were to at least some extent the residencies of stonemasons (tufunga ta makdy. site TO-Pi-5 
contained a pit, apparently dug from the living floor of house-mound phase IV or V, and in the pit 
were two large, half-finished Tridacna shell adzes. In addition, some Tridacna shell refuse was en­
countered in the fill of the construction horizon V.
The spatial separation of activity zones on, at and around a house mound 
Since most of the sites were only test-pitted, they cannot substantially contribute to the question of 
the spatial differentiation of activity zones. Site TO-Pi-13, however, was excavated by a 6m-wide 
trench which ran from the top of the mound 34m to the north to take in part of a shell scatter north 
of TO-Pi-13 and between TO-Pi-5 and TO-Pi-6 (see Excavation Report 27).
Living floors
The test pits and the large area excavation encountered several living floors, measurements of which 
are summarised in table A3.8. Each of these living floors is clearly associated with a borrow ditch and 
an underlying construction phase. The living floor was commonly visible as a zone of greyish sand, 
with some inclusions of charcoal. In one case, the living floor of mound phase C at site TO-Pi-13, the 
sand had become very compacted, giving the appearance of a concrete floor where only a little cement 
has been used. Cook and McKern describe some soil mounds as being retained by logs (see above), which 
would have have made a platform rather than a mound. The excavations on Pangaimotu, where postholes 
should have stood out well, did not reveal any evidence for such a construction. It is noteworthy that 
the southern side of site TO-Pi-13 had been given a facing of unquarried beachrock slabs sometime 
during mound phase F.10)
Storage pits
The problem of positively identifying the function of a pit has been discussed in chapter 3 and in 
Appendix 3. Here I would like to assume that any pit, when not an earth oven, is a storage pit. The
Q \
' Appendix 3, footnote 25.
10^ The basis of this dating is that a piece of beackrock was found in the borrow ditch belonging to that phase.
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spatial distribution of pits regardless of chronological affiliation shows a concentration of large 
pits in the area north of site TO-Pi-13. A plot superimposing all pits (not reproduced here) shows 
that several small pits are found near or directly at the edges of the early (?) house-mound phases, 
while the large pits are at least 5m north. No localised concentration of pits could be seen and pit 
density is more or less the same throughout the excavation area. This seems to indicate that the area 
where pits were located shifted over time. Save for four pits dating after mound TO-Pi-13 had been 
abandoned, no pits were dug from any of the living surfaces within a mound, except that with the half- 
finished Tridacna adzes at site TO-Pi-5. It appears that this pit was a cache, dug inside the house.
Earth ovens and hearths
Ovens and hearths seem to be more prominent in the southern part of the excavation area north of the 
mound, that is nearer to site TO-Pi-13, than in the north. Given the predominant wind direction, 
southeast, one would expect ovens and fireplaces to be on the leeward side of a mound, i.e. in the 
north or northwest. If we can correlate the general location of ovens with the location of storage 
pits, then we could argue that the pits encountered in the area north of site TO-Pi-13 belong to that 
site and to site TO-Pi-6. Only in one example, TO-Pi-15, has an earth oven been dug into the mound 
surface. Since the mound was afterwards used as a burial mound, I am inclined to think that the living 
mound had already been abandoned when the oven was dug. The evidence of site TO-Pi-7, with a sequence 
of seven ovens next to and partly cutting into each other, also points to a re-use of the site after 
the mound had been abandoned as a habitation site. Hearths need to be carefully distinguished from 
earth ovens; a number of instances exist where a hearth had been built on a mound.
Buildings
The area north of site TO-Pi-13 shows two concentrations of holes of small diameter, which are either 
post- or yam-planting holes (features 222 and 224). Whereas such holes cannot be distinguished beyond 
doubt in the tephra-derived soils of Tongatapu, the holes on Pangaimotu are very likely to be post- 
holes, because the yam variety requiring deep planting does not grow in the sandy soils of Pangaimotu.
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Figure 7.15: Site TO-Pi-13, Pangaimotu. Plan of the northern part of planum 4 of the excavation area 
north of the site, showing a group of pits and the postholes of feature 222.
Chapter 7: The pattern of habitation • 358
Figure 7.16: Site TO-Pi-13, Pangaimotu. Plan of the southern part of planum 4 of the excavation area 
north of the site, showing a group of pits and the postholes of feature 224.
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Figure 7.17: Feature 224, site TO-Pi-13, Pangaimotu. Various reconstructions of possible posthole
patterns.
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The postholes of feature 222 form two clusters and seem to represent an oval type of building, with 
evidence for several renewals of wall posts but none for any central post (figure 7.15). Feature 224 
is a conglomeration of postholes at the southern end of the excavation area (figure 7.16). These 
postholes can be sorted in a variety of patterns to suggest rectangular or oval-shaped houses or huts 
(figure 7.17). It should be kept in mind, however, that the area is only 4m wide and that part of any 
structure(s) is certain to be located in unexcavated ground. There is a large brown discolouration 
directly north of a row of posts (figure 7.17f). These may not represent a house construction, but the 
shoring for a pit. In this case, however, it needs to be asked why there are no postholes on the 
southern side of the pit.
The most interesting aspects of feature 224 are five triangular and two semicircular discolourations. 
I interpret them as discolourations from timbers split lengthwise. This would imply that these posts 
were driven into the sand, while others were apparently sunk in a prepared posthole. As a consequence 
of this, we might argue that the triangular and semicircular holes are not part of any structure, but 
either independent features or later additions, perhaps by way of repair. Given the location of fea­
ture 224 directly west and slightly northwest of TO-Pi-6, I would assume that it belongs to that 
site, rather than to TO-Pi-13. Since the postholes of feature 224 were present in planum 4, but did 
not show up in plana 2 or 3, we have to conclude that they are earlier than the structures in the lat­
ter plana, which in turn are overlain by a thick midden layer. Shells collected in an appropriate 
square of this layer (543E/517N) have been 14C-dated to 1330 cal BP. An oven underlying the neigh­
bouring site TO-Pi-6 provided a date of 1860 cal. BP. If we assume that the structures contained in 
the posthole conglomeration of feature 224 belong to site TO-Pi-6, then we can conclude that they date 
between 1330 and 1860 cal. BP (AD 90 - AD 620).
Conclusions for the settlement pattern on Pangaimotu 
In summing up the observations on Pangaimotu, we can conclude that human settlement began during the 
beginning of the first century AD. Some proliferation of sites occurs by about 400-600 AD, with cir­
cumstantial evidence provided by the Tridacna refuse for the quarrying of beachrock slabs. Mound buil­
ding continues at least until the late 15th century AD. At this (?) time, the southernmost mound, TO-
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Figure 7.18: Veitongo area. The mound group and its setting. 
Open circles: house mounds. Black dots: burial mounds.
Pi-13, was given a facing made of unquarried beackrock slabs, possibly indicating some societal diffe­
rentiation in the community of stonemasons, who, on the evidence of Mariner (Martin 1817: II 96), 
were all petty chiefs. It is noteworthy that the stone facing was added only to the southern side, 
from which direction visitors landing on Pangaimotu could be expected to come, while the northern side 
was apparently considered to be the backyard. It was here that large ovens and storage pits, indica­
tive of domestic activities, were encountered. A second reason to place the cooking area on this side 
of the mound is the previously mentioned matter of the predominance of southeasterly winds. By the 
evidence of 14C dating several large ovens at the shore indicate that the island was used after the 
house mounds were given up.
THE ARCHAEOLOGICAL EVIDENCE: VEITONGO 
The distribution and function of sites
The Veitongo mound group was the focus of major excavations in 1986. Plans to complete them in 1987 
were frustrated by the fact that the landowner had planted the area in the interval. During 1986 four 
of a small concentration of mounds (figure 7.18) were test-excavated (figure 7.19) to varying extents 
(Excavation Reports 4-7). They comprise a house mound (TO-At-85), a burial mound which had started as
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Figure 7.19:
Area excavations south of Veitongo, sites TO-At-85, -86, -88 and -89. Lay-out of excavation areas.
ahouse mound (TO-At-86) and two incompletely excavated house mounds (TO-At-88,-89), one of them (-89) 
with evidence (eroding coral sand) for burial in lower layers. The area on top of and between mounds 
TO-At-85 and -86 was excavated in some detail.
Mound TO-At-85 consists of 3 phases, each comprising a construction layer and corresponding house 
floor. The house floor of the latest phase (III) was eroded. TO-At-85 is a rather low mound, measu­
ring about 25 to 30m in diameter and 0.6m in height. Mound TO-At-86 has two phases, a house mound and 
a burial mound. The surface of the house mound shows strong evidence for burning, probably, given that 
the layer beneath looks like a fossil soil, a bushfire after the mound had been abandoned, but perhaps 
a fire which engulfed the house. The house mound had then been capped with a thick layer of subsoil, 
providing room for the interment of at least two burials. The very low mound TO-At-88 was only excava-
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Table 7.5: 14C dates for sites in the Veitongo area. All site numbers to be preceded by ‘TO-At-’.
ANU
S i t e  Area Mat.  No. D a te  BP* Da te  c a l .  BP D a te  c a l .  AD
86 A1 3 , P17 Cha 6429 340 + 300 660 (436 , 3 5 0 , 3 3 4 ) 0 1290 ( 1 5 1 4 , 1 6 0 0 , 1 6 1 6 ) 1955
85 A1 4/ 14 S 1 Cha 5718 370 + 80 511 (470) 311 1439 (1480)  1639
85 A14/SS1 S 2 5720 495 + 120 641 (525) 472 1309 (1425)  1478
89 A 5 / S t r  1 Cha 5721 600 + 90 669 (633 , 6 0 3 , 5 6 1 ) 532 1281 ( 1 3 1 7 , 1 3 4 7 , 1 3 8 9 ) 1418
85 531N/501E Cha 5719 1270 + 235 1390 (1234 , 1 2 0 7 , 1 1 9 3 )  950 560 ( 7 1 6 , 7 4 3 , 7 5 7 )  1000
Abbreviations: Cha - charcoal; Mat. - Material dated; S 2: Gafrarium tumidum/G.pectination.
ted to the depth of a single planum and did not reveal any detailed information. Site TO-At-89 was 
also only excavated for a single planum. The resulting surface showed some coral sand towards the top 
of the mound, probably indicating a burial underneath, either below a house floor, similar to a burial 
at site TO-Fa-4, or the first use of the mound as a burial mound and its re-use (after a hiatus?) as 
a house mound.
The chronological sequence of mound construction 
Three of the four sites excavated were dated by 14C (table 7.5), TO-At-88 being the exception. The 
features dated are two pits northeast of TO-At-86 (ANU-5718, 5720), an earth oven at the northern 
base of TO-At-89 (ANU-5721), the borrow ditch of the first mound phase of site TO-At-86 (ANU-6429) and 
the second house floor at site TO-At-85 (ANU-5719). Very little charcoal was obtained from the borrow 
pit and the house floor, hence the large error margins. The dated pits were two of a number found in 
trench 14: the one closer to the mound dates to 495 + 120 BP*, the other to 370 + 80 BP*. The second 
pit could well be an oven. As is obvious from table 7.5, the two dates overlap appreciably at 1G.
The chronologico-spatial distribution of mounds
The burial mound built on top of the living mound at TO-At-86 was substantial. Only two burials, how­
ever, were encountered, possibly indicating that the burial mound was abandoned shortly after con­
struction. No burials were interred in the underlying house mound, although there would have been 
opportunity. We can compare site TO-Pi-15 on Pangaimotu (see above), where the burials were interred 
in an added layer, rather than directly into the existing house mound.
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Figure 7.20: 14C chronology of the sites south of Veitongo based on calibrated dates (BP). Given are 
the intercepts (black), the 1 sigma (dark stipple) and 2 sigma flight stipple) error margins.
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Figure 7.21: Tentative chronology of the sites south of Veitongo. Given are the 14C dates at the 1 
G error margin (dark stipple) and tentative dates flight stipple).
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Unfortunately, the date for the construction of the house mound at TO-At-86 has a very large error mar­
gin, ranging from 660 cal BP to present. At least the later margin can be defined more precisely. With 
the end of the Civil Wars (1852) burial commonly took place in denominational graveyards within or in 
the immediate vicinity of newly founded villages. However, there is no modem settlement in the immedi­
ate vicinity of the site. We can thus assume that site TO-At-86 was abandoned by the beginning of the 
19th century AD. Given that a burial mound was placed on top of the site after a hiatus of some length 
by the evidence of the large burning layer, I am inclined to believe that the two dates provided for 
the two pits northeastofTO-At-86(ANU-5718,5720; table 7.5) attach to the period of domestic occupation.
We can assume that the oven at the northern foot of TO-At-89 coincides with the final house-mound 
phase there, of which there could be up to three because of its height, although the presence of coral 
sand, as mentioned above, could mean that the underlying structure was a burial mound. The date for the 
oven (ANU-5721) overlaps with that of the older pit at TO-At-86 (ANU-5720) at lo . Although this could 
indicate a contemporaneity of occupation of the house mounds at sites 86 and 89, the two dates could 
fall at the other extreme of their error ranges and not be contemporary.
As can be seen from figures 7.20 and 7.21, the date for the house floor of site TO-At-85 does not 
overlap with any of the other 14C dates at the 1 G error margin. At the 2 G margin it overlaps only 
with the date for the house mound of site TO-At-86. Given this spread of dates, it seems reasonable to 
assume that a hiatus exist between the occupation of TO-At-85 and that of TO-At-89. If we assume 
that the occupation of TO-At-89 took place in a time span of 500 years (c/. table 7.5), then a small 
overlap between the last phase of TO-At-85 and the beginning of TO-At-89 is conceivable.
The spatial separation of activity zones on, at and around a house mound 
Buildings on top of the mounds
As already mentioned, TO-At-85, 25-30m in diameter, is a rather low house mound, 0.6 m in height, 
partly due to erosion of the latest of its three floors. The slope is so low that the available area 
is relatively large and permits the construction of buildings near the rim. Obviously this would have 
been even more the case in the earlier mound phases, when the mound was lower.
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Plans of the individual living surfaces were prepared (cf. Excavation Report 4), but none gives any 
clue as to a general pattern. This may be due to the fact that the area excavated on top of the mound 
was rather limited. It is interesting to note that on the surface of both mound phases I and II fires 
had been lit in approximately the same locations.11^ According to oral traditions, cooking never 
took place on top of a mound. It is also of interest that these fireplaces are on the southern side of 
the mound, the direction of the prevailing wind. A fireplace was also noted on mound TO-At-89 and on 
mound TO-Pi-13 on Pangaimotu (in both cases on the northern side), indicating that fireplaces on 
mounds are not uncommon. Since a fale hunuki can be expected near a fireplace if it was for cooking, 
it is possible that if we find two holes spaced between 2 and 3m apart, they may constitute the floor 
plan of a fale hunuki (c f Appendix 2, figure A2.3). The plan of the features dug from the surface of 
mound phase II shows a rectangular array of holes in the top area of the mound. If we tentatively 
identify this array as belonging to one building, then we would arrive at a fale fakafafine which is 
about 3m wide (N-S) and at least 3m long (E-W) (figure 7.22). Given the size of the mound, there would 
be sufficient space to accommodate another house in the unexcavated area. If we exclude the holes be­
longing to the assumed fale fakafefine, a clear pattern emerges of two holes between which a fireplace 
is situated. In addition, these two holes are marginal to another fireplace (figure 7.22). It is rea­
sonable to assume that these two posts are the archaeological manifestation of a fale hunuki. This 
leads to the conclusion that two subphases are present in mound phase II, one with a fale hunuki and 
one with a fale fakafefine. There is no stratigraphic evidence to tell which of these two subphases is 
the earlier one. However, given the fact that the underlying mound phase I had fireplaces in almost 
the same position as phase II, the early mound phase II is likely to replicate the lay-out of mound 
phase I. On this reasoning the fale hunuki would be earlier than the fale fakafefine.
While an interpretation of mound phase II is possible, mound phase I poses more problems: there is an 
apparent lack of features in the central area of the mound, while there is a concentration at the
These fires could either be hearths, lit for warmth or for food preparation, or shallow ovens. No traces 
of oven stones were found and the fireplaces were commonly recognisable as a thin scatter of blackish soil with 
a layer of red-burnt soil underneath. In neither case could the function, as a hearth or as an oven, be 
clarified. I thus use the neutral term fireplace.
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Figure 7.22: Site TO-At-85. Plan of mound phase II. Left: tentative identification of a fale fakafefine.
Right: tentative identification of a fale hunuki.
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Figure 7.23: Site TO-At-85. Plan of mound phase I: tentative identification of three fale hunuki.
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Figure 7.24: Site TO-At-85. Large L it-bottomed pit.
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lower end. This could indicate that the main building was situated in the unexcavated area north of 
the trench, and such an interpretation would be strengthened by the lay-out of phase II mentioned 
above. If we again look for evidence of a fate hunuki in the immediate vicinity of the fireplaces, 
then three potential pairs of holes exist (figure 7.23), all located at the southern side of the wes­
tern fireplace. The posts of the three pairs are each spaced about 2 to 2.5m apart and suggest a se­
quence of three fale hunuki. A problem is posed by two holes which have been dug into one of the fire­
places and appear to be features later than phase I. The fact that the location of the fale hunuki of 
mound phase II was shifted compared to the location of those of mound phase I, although the location 
of the fireplaces stayed the same, may be due to the increased curvature of the rim of the mound, 
making that area less usable.
Mound phase III provides a number of holes which permit a number of reconstructions, but, as in the
case of the holes in the non-mounded area, several of them are possibly, and perhaps likely to be,
0
planting holes.
Given the ambiguity of the hole patterns observed, it should be stressed that the identification of
the fale hunuki and fale fakafuna is only tentative. I believe that, unless a mound is excavated in
toto, no conclusive discussion about the structures on top of it can be undertaken.
Living floors
In mound TO-At-85 two living floors were encountered, a third one having been eroded, visible as 0.05- 
O.lm-thick layers of dark brownish soil. The living floor at site TO-At-86 was thicker than those at
TO-At-85, but in large parts a distinction between floor and construction fill was not possible. In
texture and friability the earth of the house floors was in no way different from that of the con­
struction horizons, indicating that they were of the same build.
Storage pits
Storage pits were seen only in trench 14, north of TO-At-86. If the two radiocarbon dates obtained 
from pits at both end of the trench are any guide (ANU-5718, ANU-5720, table 7.5), all pit features 
in the trench are likely to belong together and therefore to be associated with TO-At-86, as I have
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previously argued. Based on this, and the lack of pits in the area west of TO-At-86, it appears that 
pits and thus domestic activities were located to the north of the mound. A large semicircular, flat- 
bottomed feature, possibly originating from a large pit (figure 7.24), was encountered to the west of 
TO-At-86. If it is a pit, and not part of a borrow ditch (which appears unlikely given the shape of 
the bottom), then it may represent a water-storage pit. It appears too large to be for food storage, 
especially as considerable problems would have been encountered in covering it.
Earth ovens and hearths
Fireplaces were found on the top of mounds TO-At-85 andTO-At-89, which might contradict Tongan claims 
that cooking never took place on mounds. It is possible, however, that the hearths were not for 
cooking, but for providing warmth during the colder nights of the Tongan winter. Only one pit positi­
vely identified as an earth oven was found (TO-At-89, feature 1), located to the north of mound TO-At- 
89. In this it replicates the pattem observed on Pangaimotu. The lack of ovens in the excavated areas 
south and southeast of the mounds provides negative evidence in support. Evidence for a second, shal­
low, oven, or a deep hearth, exists in trench 14 (dated to 370 BP*), again north of a mound (86). This 
hearth or oven, as argued previously, belongs to the mound to the south (86) and not to the mound to 
the west (85).
Buildings at the base of the mounds
During the excavation of the habitation sites TO-At-85 and TO-At-86 a large number of small circular 
subsoil features was encountered between them. Plotting them produces a chaotic picture (figure 7.26). 
While it can be expected that some of these features are without doubt postholes derived from the con­
struction of houses and sheds, some are likely to be planting (and harvesting) holes, mainly for yams 
(Dioscorea alata)}2) Because of the difficulty in distinguishing postholes from planting holes (see
121 In previous excavation reports on Tonga (Davidson 1969:268-269; Poulsen 1987: I 21 ff.) such features are 
commonly addressed as postholes. Poulsen (1987: I 48-49) was aware of the problem posed by planting holes, but 
mentions that no efforts w'ere made during his excavations to isolate them from proper postholes. In his 
sections on the structural evidence in the Lapita sites excavated, Poulsen apparently assumes all holes to be 
postholes, but is unable to reconstruct any meaningful pattem (cf. Poulsen 1987:145 for TO-Pe-6).
Figure 7.25: The obliteration of cultural features by continuous gardening. Top: subsoil features of 
the chiefly compound shown in figure 7.4. Bottom: the same features after two yam-planting seasons.
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SS-IV) any planting of yams on an archaeological site is likely to disrupt the archaeological posthole 
pattern, increasingly complicating the recognition of postholes and thus of buildings. This can be 
easily illustrated. Figure 7.25 (top) shows the subsoil features of a chiefly compound as reconstructed 
from the ethnographic sources (figures 7.3 & 7.4). All holes in the ground are postholes or pits. 
After two seasons of planting yams the postholes have been completely swamped {cf. SS-IV; figure 
7.25 (bottom). Instead, several linear and rectangular patterns have developed which have nothing in common 
with the original archaeological posthole pattern. The problem thus posed is to positively discrimi­
nate between postholes and planting holes in order to be able to reconstruct the distribution of 
structures off the mound.
Postholes vs. planting holes
While all subsoil features were mapped and individually drawn, they were not excavated in all cases. 
The subsample recorded in detail covered areas 1, 2, 3, 3a and 6. Five attributes were recorded for a 
total of 234 circular and oval-shaped features: diameter, depth; shape of bottom; slant of hole; and 
type of fill (see table 7.6). The descriptive statistics of the holes, i.e. univariate and bivariate 
analyses of the attributes and their spatial plots, failed to reveal any meaningful pattem (c f  SS-IV).
The dimensions of planting holes depend on the variety of root and tree crop to be grown in them. The 
planting holes most closely resembling postholes are the yam-planting holes, which measure between
0.2-0.5m in diameter and vary from 0. l-0.2m to over 2.0m in depth13) {cf. Poulsen 1987: I 49; see also
Rogers '974--. 312 and
X SS-IV for further data). Depending on the size of the yam, different planting and harvesting holes are 
dug, which result in a variety of hole types in the archaeological record (figures 7.27 & 7.28). De­
pending on the post to be set, postholes also varied widely in diameter and especially depth {cf.
13) Such deep holes are needed for growing very large yams, such as for the annual Agricultural Show and the 
Biggest Yam competition, where the aim is to grow exceedingly large tubers, which can reach over 2m in 
length. This is achieved by digging very deep holes and backfilling them with topsoil, rather than a mixture of 
topsoil and infertile subsoil. When such yams are harvested, two people are needed, one of them steadying the 
yam to prevent it from breaking. The Agricultural Show has to some extent taken over the function of the first- 
fruits presentation {'inasi). In both cases the best products were/are shown (and still are sometimes presented) 
to the King {cf. Fa’anunu 1977). There is evidence of the same intention in early historic times. Geil mentions 
yams up to 2.1m in length and (1902:opp. 108) depicts himself and Rev. Moulton, the founder of Tupou College, 
with two very large yams of about 1.6m length.
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Table 7.6: Site TO-At-85. Statistical breakdown o f subsoil features for the parameters ‘shape of 
bottom’, ‘type o f fill’ and ‘slant’
N %
D I A M E T E R  (cm) 
M e a n  SD
D E P T H
M e a n
(cm)
SD
V O L U M E  
M e a n  SD
Shape of bot t o m
U n k n o w n 3 1.3 16.00 6.55 47.33 7.50 0.010 0.008
Flat 1 0.4 40.00 — 56.00 — 0.070 —
C u p - s h a p e d  
B o w l - s h a p e d  !. . 
B a s i n - s h a p e d  ?  
D i g g i n g  s t i c k
20 6.5 23.45 6.21 68.10 28.70 0.039 0.046
70 29.9 28.29 10.36 54.97 13.20 0.039 0.034
86 36.8 37.71 16.29 49.61 9.15 0.067 0.079
27 11.5 19.48 12.24 49.00 10.49 0.020 0.031
I r r e g u l a r 27 11.5 32.30 6.46 52.22 11.53 0.045 0.023
Total 234 100.0 30.68 14.20 53.02 14.29 0.048 0.057
Type of fill
L o o s e  ash 1 0.4 23.00 — 48.00 — 0.019 —
V e r y  l o o s e  soil 11 4.7 23.64 11.50 52.36 7.20 0.026 0.021
Earth, not c o m p a c t 38 16.2 24.76 11.27 58.94 17.29 0.035 0.033
M e d i u m  c o m p a c t 48 20.5 33.06 13.57 52.52 9.81 0.052 0.041
Earth, c o m p a c t 12 5.1 29.08 14.36 62.58 33.80 0.056 0.065
C o m p a c t  bu t  f r i a b l e 47 20.1 28.96 10.08 48.61 6.89 0.036 0.027
S t i c k y  soil, l o ose 4 1.7 36.50 16.21 55.50 13.30 0.065 0.057
S t i c k y  soil, c o m p a c t 65 27.8 34.78 17.93 50.38 11.79 0.061 0.089
S t i c k y  clay 7 3.0 32.86 6.28 60.28 15.26 0.051 0.019
G r e y  clay 1 0 . 4 20.00 — 68.00 — 0.021 —
Total 234 100.0 30.68 14.20 53.02 14.29 0.048 0.057
Slant
No slant 211 90.2 30.46 14.36 52.56 14.64 0.047 0.058
To n o r t h 4 1.7 37.75 17.01 53.50 5.50 0.073 0.067
To east 3 1.3 26.67 12.58 53.33 7.37 0.035 0.031
To s o uth 8 3.4 28.25 6.73 57.87 6.35 0.040 0.027
To west 2 0.9 36.00 11.31 51.00 1.41 0.054 0.031
To n o r t h e a s t 1 0.4 40.00 — 49.00 — 0.061 —
To s o u t h e a s t 2 0.9 54.00 6.48 63.50 16.26 0.141 0.008
To s o u t h w e s t 2 0.9 24.50 10.60 66.00 22.62 0.038 0.038
To n o r t h w e s t 1 0 . 4 25.00 — 70.00 — 0.034 —
Total 234
: =  =  =s =  =
100.0 30.68
: =  =  =  =  =  =  = =s:
14.20 53.02
= = = = = = = = =
14.29 
: =  =  =  =  =  =  =  =
0.048 
: =  =  =  =  =  =  =  =
0.057
for definitions of ‘bowl’-shaped and ‘basin-shaped’ see glossary at the end of the volume. 
l) defines a pointed bottom, belonging to a hole of 0.1 to 0.2m in diameter.
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Figure 7.26: Sites TO-At-85 and -86. Plan of subsoil features.
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Figure 7.27: Site TO-At-85, area 6. Excavated planting holes.
Appendix 2). The resulting postholes overlap in their characteristics with those of planting holes. 
Thus it is appears impossible to distinguish morphologically between a posthole, forming part of a 
construction, and a planting hole, dug for the planting of yams.
The harvesting of a large yam results in a distinctively shaped hole (figure 7.28). During excavation
several examples were found of one hole cutting into another in this way (see table 7.7). There are
other ways, however, than the harvesting of yams which produce features of this kind:
• a posthole has been dug and another posthole cuts into it a later stage
• a posthole has been dug and a yam hole cuts into it at a later stage
• a yam hole has been dug and a posthole cuts into it at a later stage
Given Tongan yam-planting and harvesting techniques, we can perhaps expect yam harvesting to be the 
most frequent cause of intercutting holes. However, since there are other possibilities, no set of 
intercutting holes can be assigned with confidence as due to yam planting and harvesting. However, we
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Table 7.7: Subsoil features at sites TO-At-85 and TO-At-86: the number and density of all
features, the number ^nd density of intercutting features, the number of planting seasoas (based on 
density of 0.25 holes/nT per season) and the probability that features overlap by chance.
Intercutting Probability
Area
Arga
m
Features- 
n n/rn
Planting
seasons
features - 
n n/4m
of features 
intercutting
1 *) 28 61 2.18 9 7 1.00 1.00
2 20 45 2.25 9 12 2.40 0.57
3 40 109 2.73 11 11 1.10 0.97
3a 15 28 1.87 8 1 0.26 1.007 25 39 1.56 6 0 0.00 1.00
8 25 85 3.40 14 23 3.68 0.95
9 25 59 2.36 10 5 0.80 0.97
11 7 2 0.29 2 0 0.00 1.00
Total 185
ii li II II 
•£> 
II II 
00
II II
2.31 59
= = = = = = = = =
1.33
Notes: *) non-mounded area only.
can undertake some statistical assessment of the situation.14) By running a series of simulations, we 
can calculate the likelihood of a yam-planting hole of 0.3m diameter (the average diameter of the 
holes recorded) of the second planting season hitting a hole of the previous season. We can also cal­
culate this likelihood for the third, fourth, fifth and following seasons. Since it is assumed that 
yam-planting holes are dispersed in a regular grid with a spacing of 2 x 2 m, we can limit the simu­
lation to a 2 x 2m area and extrapolate from there.15) As can be seen from table 7.7, the null hypo­
thesis, i.e. that the frequency of the observed intercutting planting holes is not due to chance but
 ^ For a detailed discussion see SS-IV. Such an assessment is based on a series of assumptions. Since today 
yams are usually planted at a 1.8-2 m spacing in a roughly rectangular grid (Fa’anunu 1977), which is said to 
be traditional (ibid.), we have a density of 0.25 yam per m2 permlanting season. Based on die overall density 
of subsoil features in the assessed areas (1.5 to 3.4 holes per m , table 7.7), we can assume that the holes in 
the area represent between 6 and 14 planting seasons. Since the size of the area on which yam is planted varies 
from family to family, while the planting areas of successive years may not overlap, I talk of planting seasons. 
I am well aware of the fact that overlapping planting areas can, over time, cause different concentrations per area.
15^  This follows from the fact that the planting holes of a particular season will be spaced in relation to the 
first hole dug. Thus 100 data sets of 12 X and 12 Y values (representing 12 planting seasons) were generate^, 
using uniform random numbers between 0 and 2, generated by the Statistical Package for Social Sciences, SPSS , 
version 1.0. Each set was plotted in a bivariate plot. The number of intercutting holes was established by 
overlaying the plotted data points with circles measuring (to scale) 0.3m in diameter. This exercise was 
repeated for 6, 9 and 15 planting seasons, providing simulated frequencies which nicely bracket the number of 
observed planting seasons (cf. table 7.7). The resulting values give the probabilities of intercutting features 
(see SS-IV for further details and tables).
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Table 7.8: Density of small subsoil features at various locations on Tongatapu.
= === = =: = =: = 
Site type of sample 2density/m
TO-At-85 non-mounded area 2.31
TO-At-85 beneath buried topsoil 1.78
TO-At-86 beneath buried topsoil 1.85
TO-At-89 non-mounded area 2.01
TO-At-8 9 top planum 2.26
TO-Pi-13 non-mounded area, sandy soil 0.82
TO-Pe-6 dug into midden, trench II-VI 1.43
TO-Pe-6 dug into midden, trench I 1.92
TO-Pe-1 dug into midden, trench I 3.84
TO-At-96 dug into midden 4.12
to a purposeful excavation technique during harvesting, is rejected in all areas, except area 2, at 
the 5% level. Therefore there is no justification for identifying the overlapping holes as planting 
holes and thus for excluding them from the array.
Density of holes as an indicator of the location of outhouses
As is very clear, trying to distinguish between postholes and planting holes in the non-mounded area 
is fraught with problems. Despite a range of approaches taken, no distinction could be made which was 
valid beyond reasonable doubt. However, other approaches exist, which enable us to establish at least 
the location of outhouses in relation to the main building on the mound.
Some idea as to the orientation of the whole compound, and thus of the potential location of outhouses, 
can be gained from the breaks in the ditches surrounding the house mound. The ditch, which was dug to 
quarry the fill for the mound construction, had a gap in it allowing access to the house. Thus we can 
assume that the outhouses were located somewhere in the vicinity and direction of the break. This is 
the more likely in that when the main house on top of the mound was refloored or rebuilt, the family 
would have probably temporarily moved into the outhouses. No gap in the ditch was found to the south 
of TO-At-85, but the excavated area may well have been too small. There was such a gap at the southwest 
of site TO-At-86. Since no pits were seen here, although a considerable area was excavated, it is
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Figure 7.28: Yam holes (upper row) and their manifestation in the archaeological record (bottom row).
1 - hole dug, but no yams planted. 2 - hole dug, yam planted, yam not harvested, rots in the hole. 3 - 
harvesting by digging round one half of the planting hole (common method). 4 - harvesting by digging
all round the planting hole.
likely that another gap in the ditch may have existed somewhere on the opposite side. In fact, some 
pits, presumably storage pits, were found there. One possible conclusion is that the first phase of 
site TO-At-86 is older than site TO-At-85, as it would make more sense to have a ditch opening leading 
to the other mound, rather than away from it. Alternatively, it is possible that a fence existed 
between these two sites and that they actually belong to two different compounds.
Site TO-At-85 consists of three phases and site TO-At-86 of one (not counting the burial mound). Thus 
we can anticipate for site TO-At-85 three sets of outhouses at the foot of the mound and at least one 
set for site TO-At-86. The main question is as to where the houses would have been located. As shown 
above, the observable holes cannot be used to provide valid answers. We can assume that the cooking
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Figure 7.29: Sites TO-At-85 and TO-At-86. Density distribution of holes. Corrected density.
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Figure 7.30: Sites TO-At-85 and TO-At-86. Location of houses, based on the higher density of holes.
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area was located on the leeward side of the main house, so as to avoid the latter being engulfed in 
smoke from the cooking fires. Given the predominance of southeasterly and easterly winds on Tongatapu, 
we can anticipate that the cooking area was located somewhere to the north and preferably to the 
northwest of the mound. This theoretical model is supported by the evidence that no earth ovens or 
storage pits, which can be assumed to be located near the cooking area, were found at the southern 
side of site TO-At-85. An oven was encountered in the area north of site TO-At-89 and a series of 
pits, apparently storage pits, in trench 14, northeast of mound TO-At-86. These two observations tend 
to support the model proposed. However, as noted in the discussion on the mounded area, fireplaces 
were discovered on the southern part of the top. This observation should serve as a warning that the 
lay-out of a compound should not be seen as fixed. At least a cooking shed, most likely a fate hunuki, 
would have been located near the earth oven and the storage pits mentioned above. We can assume that 
the boys’ house would have been located to windward of the cooking area. This would indicate a posi­
tion somewhere to the southwest, south, southeast or even northeast of the mound. Such a relative con­
centration of buildings would result in a higher density of (post)holes in the area. The density of 
subsoil features is given in table 7.7, from which are excluded all features underneath or within the 
mounds. Clearly overlapping holes have been counted as two. On average there are 2.31 features per m2. 
As can be seen, some differences occur, the highest concentration being 3.4 holes/m2 in area 8 and 
the lowest 1.56 holes/m2 in area 7, not counting the 0.29 holes/m2 in area 11, which has an area of 
only 7m2. The difference between the overall mean, excluding area 11, and the individual means for 
all other areas is statistically not significant.
Comparing the mean density of holes at area TO-At-85 with that at site TO-Pi-13 (table 7.8) on 
Pangaimotu, it becomes obvious that the density of holes in areas where no yam planting took place is 
significantly less (df=l %2=3.01; P=0.075). The lowest density of holes at site TO-At-85 is still 
almost twice as high as that of an area where no gardening has taken place, although the difference is 
no longer statistically significant (df=l %2=0.548 P=0.55). The observed difference in the density of 
holes can be explained in two ways:
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a) if we assume that the entire area has been gardened with the same intensity throughout, then the 
excavated areas which have a higher density are more likely to contain postholes;
b) the intensity of gardening has not been the same throughout the entire area under discussion.
If possibility a) were true, then we would conclude that areas 3a and 7, showing a low density, had 
not been built on, while area 8 with a particularly high concentration of holes (3.4 holes/m2) would 
have seen several building phases. It should be kept in mind that area 8 is located on the windward 
side of TO-At-85, where one would expect buildings to be. If possibility b) were true, then we would 
have to explain the low density encountered in areas 3a and 7, which are surrounded by areas of high 
density. Unless a large tree has been growing in this area for some time preventing the growth of yams 
beneath its shade, I cannot see any reasonable explanation for this island of low density of holes.
The matter is further complicated by the situation underneath the mounds of TO-At-85 and TO-At-86. 
Here the densities of holes are remarkably similar (1.78 and 1.85 holes/m2). Some of the holes may 
well be postholes from structures erected on level ground. The majority of the holes, however, is 
most probably due to planting. If we assume that the density of holes underneath the mounds to be the 
overall density for the pre-mound-building phase, then we can deduct this density from that of the 
other areas to arrive at the density of the holes dug during and after the mound-occupation phases.
This ‘corrected’ density distribution is shown in figure 7.29. Area 7, which has a lower density than 
the subsoil underlying sites TO-At-85 and TO-At-86, has been set to 0. This correction in density 
clearly emphasizes the concentration of holes in area 8 and the appreciable density in area 3. We can 
assume that several structures were built in area 8 and possibly also in area 3. This is based on the 
following observations: i) the concentration of features is focused in area 8, because the adjacent 
area 11 (partly covering the ditch) is practically devoid of features even in the uncorrected density 
(it has only 2 holes), and ii) the neighbouring areas 9 (corrected density 0.5 holes/m2) and 2 (0.35 
holes/m2) have a low density of holes.
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Conclusions for the settlement pattern at Veitongo 
To sum up: based on the distribution of the density of the holes, it seems likely that some buil­
dings existed to the southeast of mound TO-At-85 (i.e. in area 8) and to the north and northwest of 
mound TO-At-86 (i.e. areas 2,3 and 9). Although the density assessments suggest areas where buil­
dings may have stood, they do not permit the identification of what the structures were.
THE ARCHAEOLOGICAL EVIDENCE: MA’OFANGA 
This case study deals with an area excavation at the southern shore of the Nuku’alofa-Ma’ofanga pen­
insula, which is situated at the northern shore of the Folaha sector of Fanga ’Uta lagoon (see Excava­
tion Reports 14, 16-18). The ground slopes gently towards the lagoon, with a palaeo-shoreline inter­
mittently visible. The entire area is covered with fertile Fahefa soils. During the construction of an 
industrial complex (Small Industries Centre, SIC) 10 years ago, some levelling took place and it is 
possible that some mounds were destroyed at the time. In the course of salvage excavations ahaed of 
further development, two large areas (totalling 1790m2) were cleared of topsoil, in the hope of fin­
ding evidence of structures (see Excavation Reports 14-17).
The chronological distribution of sites
The individual dates are set out in table 7.9. As can be seen, the dates fall into three groups: the 
two ovens at site TO-Nu-51, the features in the east of TO-Nu-50 (1,2 and 6) and the isolated pits in 
the north of the area (TO-Nu-23 and -49). This allows the calculation of mean ages of subgroups. The 
weighted mean dates BP* and their calibrated equivalents are set out in table 7.10.
The distribution and function of sites
The function of the sites in question is very limited: only storage pits and ovens were found. The 
structural evidence is very unpattemed and consists of two groups of pits and several isolated pits, 
all of them in the open. Despite the large scale of the excavations, there was no evidence of house 
sites. It is possible, however, that postholes may have been present but left no evidence, because 
they were not very deeply dug. If this were the case, then they must have belonged to small houses. It 
is certain that no house mounds existed in the excavated areas, as no traces of borrow ditches were
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Table 7^ 9: 4C dates from the Small Industries Centre, Ma’ofanga. Environmentally corrected conven­
tional 14C ages and calibrated calendar dates with l a  error margin (intercepts with the calibration 
curve given in brackets). For full details refer to Appendix II. Abbreviations: Mat - material dated; 
Cha- Charcoal; She - shell (<Gafrarium tumidum)
Site Feature Mat Lab No. Years BP* Calibrated date BP Calibrated age AD
TO-Nu-4 9 
TO-Nu-23
Cha
Cha
WK-1421
WK-1422
240
300
+
+
120
120
BP
BP
460
500
(296)
(314)
0*
0*
1490
1450
(1654)
(1636)
1955
1955
TO-Nu-50 Feature 9 Cha ANU-6754 101. 6 + 3.2%M not available not available
TO-Nu-50 Feature 2 Cha ANU-6753 540 + 230 BP 690 (543) 317 1260 (1407) 1633
TO-Nu-50 Feat 1 L2 Cha WK-1425 800 + 60 BP 768 (705) 680 1182 (1245) 1270
TO-Nu-50 Feature 6 Cha WK-1427 990 + 70 BP 965 (929) 797 985 (1021) 1153
TO-Nu-50 Feat 1 LI Cha WK-1424 1110 + 120 BP 1170 (1048) 930 780 (902) :1020
TO-Nu-51 Feature 31 She WK-1419 1410 + 50 BP 1346 (1308) 1289 604 (642) 661
TO-Nu-51 F 1 bottom Cha WK-1423 1470 + 80 BP 1416 (1350) 1298 534 (600) 652
TO-Nu-51 Feature 29 Cha WK-1418 1540 + 60 BP 1522 (1411) 1354 428 (539) 596
TO-Nu-51 Feat 1 top She WK-1420 1590 + 50 BP 1539 (1515) 1410 411 (435) 540
Note: For date WK-1424 only the central intercept is given. Complete date: WK-1424: cal BP 1170 (1050,1048,997) 
930, cal AD 780 (900,902,953) 1020
Table 7.10: Weighted 14C ages (BP*) and calibrated dates (cal BP and cal AD).
TO-Nu-51, features 29 and 31 (WK-1418,1419)
Weighted /ocean reservoir effect corrected ages: 1463.3 + 38.4 BP*; Calibrated age: cal BP
1392 (1347) 1314 at 1 a; cal BP 1413 (1347) 1296 at 2 a; cal AD 558 (603) 636 at 1 a; cal AD 537 (603) 
654 at 2 a.
TO-Nu-51, feature 1, top and bottom (WK-1420/23)
Weighted ocean reservoir effect corrected ages: 1556.3 + 42.4 BP*; Calibrated age: cal BP
1521 (1418) 1397 at 1 a; cal BP 1541 (1418) 1349 at 2 a; cal AD 429 (532) 553 at 1 a; cal AD 409 (532) 
601 at 2 a.
TO-Nu-51, total (features 1, 29 and 31 (WK-1418,1419,1420,1423)
Weighted ocean reservoir effect corrected ages: 1505.2 + 28.5 BP*; Calibrated age: cal BP
1410 (1393) 1351 at 1 a; cal BP 1502 (1393) 1332 at 2 a; cal AD 540 (557) 599 at 1 a; cal AD 448 (557) 
618 at 2 a.
TO-Nu-50, feature 1, top and bottom (WK-1424/25)
Weighted ocean reservoir effect corrected ages: 854.4 + 54.5 BP*; Calibrated age: cal BP 892 
(758) 704 at 1 a; cal BP 920 (758) 680 at 2 a; cal AD 1058 (1192) 1246 at 1 a; cal AD 1030 (1192) 1270 
at 2 a.
Chapter 7: The pattern of habitation • 386
found. Thus this data set does not allow us to investigate the spatial separation of activity zones, 
as was attempted in the case studies on Pangaimotu and Veitongo.
Storage pits
Three proper storage pits were encountered, TO-Nu-23, TO-Nu-49 and TO-Nu-50 feature 22, the last 
between two large ovens. Given the peculiarity of the composition and lie of the infill layers of 
feature 22 (Excavation Report 17), it is probable that it was actually contemporary with one of the 
ovens. It is of interest that the two substantial storage pits, TO-Nu-23 and TO-Nu-49, are of a com­
paratively late date (17th century AD).
Earth ovens
The two large ovens encountered in areaTO-Nu-51 date between 1410 and 1590 BP* (AD 435 to 642; inter­
cepts) and cannot be distinguished at the 1 a  error level. If we use the weighted means, however, we 
can distinguish the two dates at the 1 G level (table 7.10), although the extremes of the error mar­
gins of the two dates come very close to each other. Both weighted means are indistinguishable at the 
2 a  level. On the basis of the weighted means, it appears likely that the two ovens were not in use at 
the same time, but in succession, with oven 1 being the older of the two. If we believe the spacing of 
the intercepts of the weighted dates, the ovens would represent about 70 years, or two generations. 
Whatever explanation is favoured, the two ovens seem to indicate some continuity in settlement utili­
sation on the same structural and societal level.
The ovens next to TO-Nu-50 feature 1 seem to form a cluster, with feature 1 in the centre. If there 
were no dates, one might think that the ovens were approximately contemporaneous. Three 14C dates are, 
however, available. The weighted mean for feature 1 (1g  cal AD 1058-1246) almost overlaps with the 
date of feature 2 at the 1 G error level ( l G  cal AD 1260-1633). Given the large error margin of the 
second date, contemporaneity appears possible, though unlikely. It is more probable that feature 2 is 
a couple of hundred years younger and has been dug coincidentally at the same spot. If we assume some 
sort of continuity in settlement location, such a coincidence is quite expectable.
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Conclusions for the settlement pattern at southern Ma’ofanga 
If we now pull together all information on the settlement patterns in the area within and beyond the 
boundaries of the SIC, we can draw the following conclusions. In the wider neighbourhood several 
pottery-bearing middens of the Late (?) Lapita culture have been seen. In the area of the SIC no mid­
dens were encountered, although sites TO-Nu-50 and TO-Nu-51 both had a thin spread of eroded pottery. 
This allows us to postulate human habitation at SIC by at least the 5th century AD, possibly by the 
3rd century AD. The two large ovens confirm this postulate.
The excavated areas seem to represent three or four chronological foci. The earliest focus is located 
at site TO-Nu-51, dating to the 5th and 6th century AD. A second focus exists at the eastern margin of 
site TO-Nu-50, dating to the 11th and 12th century, with re-use during the 15th century. The third 
focus, though more spatially dispersed than the previous two, exists in the north of SIC, with sites 
TO-Nu-23 and TO-Nu-49 dating to the 17th century AD.
The lack of structural evidence for buildings and house mounds despite large-scale excavations is 
worth noting. The very large size of the two ovens TO-Nu-50 1 and 29 indicates chiefly or ceremonial 
status. Since they were used for some time, as is evidenced by the substantial layers of red-bumt 
soil and charcoal they contain, they are likely to be ovens of a high-ranking chiefly household. The 
outstanding feature is the ritual burial TO-Nu-50 feature 1, dated to the end of the 12th century AD, 
which is discussed in Appendix 3 (‘Disposal of the dead’).
THE ARCHAEOLOGICAL EVIDENCE: A COMPARISON 
Above we have undertaken a general discussion of site distribution in the Ha’ateiho transect and a 
detailed discussion of spatial differentiation of sites and structures using three case studies. Two 
of the case studies were concerned with mounded areas, Veitongo and Pangaimotu, while one study, 
Ma’ofanga, concentrated, as it turned out, on a moundless area.
Let us first compare the Veitongo and the Pangaimotu case studies. The major difference between the 
the two areas is the fact that Pangaimotu consists of sand, so that the likelihood that small circular 
decolourations are postholes rather than planting holes is high. In both areas a consistent pattern
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for the house mound and its related domestic areas can be reconstructed: taking the mound as the 
centre, the domestic areas, consisting of ovens and storage pits, are located preferentially to the 
north of the mound. This is supported both by the positive evidence of pits and ovens at sites TO-At- 
85, area 14, TO-Pi-13 and TO-At-89, and the negative evidence of site TO-At-85 areas 1, 2, 3,7, and 6. 
The ovens are about 3 to 5m from the foot of the mound and surrounded by or adjacent to a group of 
storage pits. Given the more or less constant blow of southeasterly winds, this arrangement of domes­
tic facilities prevents cooking smells and smoke being blown onto the living area. .All excava­
tion, however, have consistently shown that hearths, be they heating- or cooking fires, existed on the 
upper rims of the mounds, which is, as far as cooking is concerned, contrary to oral traditions.
The location of the outhouses, such as those for the boys and retainers, seems to have been less 
fixed. Examples of house structures to the north and west-northwest are known from site TO-Pi-13 (some 
of which belong to TO-Pi-6). The density distribution of holes in the area excavations at TO-At-85 and 
TO-At-86 suggests that buildings were located to the southeast (area 8) and west (area 3) of the main 
buildings (TO-At-85 and -86 respectively).
The area at Ma’ofanga is characterised by ovens and storage pits. In the two excavated areas, which 
are quite considerable (totalling 1790m2), no evidence for house mounds or borrow ditches was found. 
There was a distinct cluster of dug features. It consists of a central earth oven, which contains a 
ritual burial (see Appendix 3), surrounded by four hearths, arranged in a rough semicircle (TO-Nu- 
50; Excavation Report 17). In an area 10m north, east and south and 60m west of the group no evidence 
for buildings was found. The other group of ovens (TO-Nu-51; Excavation Report 18) consists of two 
very large ovens, between which there was a storage pit. Within a 5m range there was no positive evi­
dence for buildings.
If the two areas on Veitongo and Pangaimotu are any guide, we could expect the traces of at least one 
mound in the excavated area of site TO-Nu-50. Therefore, it is possible that this area was not used 
for ‘normal’ habitation purposes. This would indicate that a great variety of habitation patterns 
exists at the micro-level.
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THE VIABILITY OF THE CONCEPT 
OF THE HOUSEHOLD UNIT IN TONGAN ARCHAEOLOGY 
The household cluster or household unit (henceforth: HHU) as the basic unit for the analysis of set­
tlement patterns is a concept explicitly introduced in the 1970s into the Pacific archaeological lite­
rature (Jennings et al. 1976; 1983; Jennings & Holmer 1980; McCoy 1976; 1979), but it had been used 
implicitly in earlier work (Green 1984:61). It has been well defined by Jennings (1980) for Samoa ’as 
an area more than 75% enclosed by walls and paths, containing one large ... or two small ... stone 
platforms or mounds, with one associated stone-free area within the enclosure’ (Jennings 1980:3). 
These HHUs are grouped into ‘wards’, defined by major roads or walkways. Jennings et al. (1983) iden­
tify some HHUs, where by modem analogy the size of the platforms suggests chiefly status. These plat­
forms aside, it is commonly and probably correctly assumed that a HHU comprises one family. Thus the 
HHU provides a suitable basis for the calculation of the population density of an area or island.
The documented success of the HHU concept in the Samoan context makes it highly desirable to attempt a 
similar approach on Tongatapu. The large number of unequivocal ethnographic descriptions mentioned at 
the beginning of this chapter documents beyond doubt that during the 18th and early 19th centuries the 
HHU formed the basic level of the the Tongan settlement pattem. However, the concept of the HHU is 
of less archaeological value in the case of Tongatapu, as there are no territorial boundaries, save 
for natural boundaries, such as the lagoon, and a handful of major roads which have escaped oblitera­
tion. As became clear in the discussion of the Ha’ateiho transect, the distribution of mounds does not 
permit the reconstruction of territorial boundaries on a large, let alone on a small scale.
Although quite a considerable amount of dating was done in connection with the three case studies dis­
cussed previously, neither the Veitongo nor the Pangaimotu data set provided sufficient information 
for a detailed diachronic or spatial reconstruction of settlement patterns, even on the geographically 
smallest level. This is due to two main factors: excavation size and functional identification of fea­
tures. The excavation areas in the Veitongo, Pangaimotu and Ma’ofanga case studies total 358m2, 210m2 
and 1790m respectively. In all cases the areas were much too small to identify the spatial boundaries
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of household clusters. In the case of Pangaimotu and Veitongo, the excavated areas were insufficient 
to isolate the total distribution of domestic areas around a mound. Although we have been able to pro­
pose some patterning in the lay-out of the domestic sites around a mound, we cannot recognise HHUs in 
non-mounded areas, on the assumption that such sites existed, because even if such could be identified 
in a large excavation, the problems posed by the distinction between planting holes and postholes do 
not permit the positive identification of fence lines and thus boundaries.
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CHAPTER 8
MONUMENTAL STONE ARCHITECTURE
In the previous section we have seen that the unfaced mounds which dominate the archaeological 
landscape of Tongatapu are insufficient to house the entire population over the period of their use 
and that they seem to have been restricted to the people above the common level. We will now deal with 
a group of decisively chiefly monuments of restricted distribution, whose stone- or slab facing makes 
them very distinctive. In this chapter I investigate these monuments in social/societal and 
chronological perspective.
Monumental stone architecture as a means of expression of political power is a world-wide phenomenon. 
The treatise on the architectural record of the Byzantine emperor Justinian written by Procopius of
Caesarea (*~AD490/507, f 555?) outlines the principles so adequately that reference might be made to
CVeh i960
that source alone (npoKOTUioc, 7t£pi KTtapaTCOv)/ In specific instances, however, it needs to be argued 
that stone constructions reflect the power of individuals, or of political units; that they were 
erected to impress others, either high-ranking individuals of the same political unit or of other 
political units; or that their construction utilised conscript labour and in this way impressed the 
lower orders in both senses of the word. Some of these issues run through the debate on monumental 
stone architecture in the Pacific, which has focussed on Micronesia (eg. Athens 1984; Ayres 1983; 
Cordy 1982) and Easter Island (e.g. McCoy 1976), with the ranking of burial structures an issue in 
Hawaii (Tainter 1973; 1976; Cordy & Tainter 1977). In the salutary case of the Marianas, Craib (1986) 
has been able to show that the argument for the megalithic latte being an archaeological expression of 
a highly stratified protohistoric Chamorro society cannot be sustained.
In the Tongan example, there is no such cause for doubt. There is a rich oral tradition which relates 
to the monuments and the high-ranking people for whom they were erected and there are early European 
eyewitness accounts of their function and standing. Before I deal with the archaeological record, I 
review what these sources have to say.
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EUROPEAN ACCOUNTS AND ORAL TRADITIONS 
Their Tongan hosts showed the early European visitors a number of stone-faced monuments, which 
included the principal monument classes, burial sites (langi, mala’e), sitting mounds (’esi) and 
pigeon-snaring mounds (sia heu lupe). The visitors were duly impressed and left wondering how the 
Tongans had managed their construction. Some of the visitors even witnessed the quarrying of the stone 
slabs needed for some of the monuments.
Burial sites
There are descriptions of quite a number of burial sites and burial ceremonies in the early European 
records. All descriptions refer to the chiefly class, as the visitors would not have witnessed the 
interment of commoners, who were of no consequence in the Tongan society of the day (see Appendix 1). 
The burial sites described stood in open, grass-covered spaces at the intersection of major roads and 
consisted of a soil mound retained by walls made of coral boulders or cut stone slabs. One mound, 
described by Cook in the Ha’atafu area of western Tongatapu, was of oblong shape, measured about 5 to 
5.5 m in height and was surrounded by a retaining wall about lm high, of (beachrock) slabs, some of 
which were 3 by 1.2 m in dimensions. Access to the top of the mound was by steps from two sides. On 
top of such mounds stood small houses in the fale fakamanuka style, which enclosed a little mound of 
coral sand and gravel covered with black pebbles (kilikili), and two wooden images. The sand heap was 
built over the grave, which consisted of a burial chamber made of stone slabs. One mound was described 
as having a retaining wall made of logs, rather than stone, but no indication as to its societal status 
is given.
The European accounts are unanimous in saying that the slab-faced monuments belong to the highest- 
ranking echelons of Tongan society (Appendix 1). The oral traditions distinguish between the langi, 
i.e. the burial places of the Tu i Tonga, and mala’e, i.e. where Tu’i Ha’atakaiaua or Tu’i Kanokupolu 
were interred. The largest monument group is at Mu’a, for a long time the capital place of Tongatapu, 
where the Tu’i Tonga and, at a later stage, also the Tu’i Ha’atakaiaua and the Tu’i Kanokupolu,
^ Compiled after Anderson, 1967a: 904; Cook 1777:1224; Cook 1969: 250-52; Wales 1969: 812-813.
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together with other of the highest-ranking chiefs, resided. A wealth of oral traditions refers to Mu’a 
and to individual features there (to be discussed in detail in chapter 9). Wilson, captain of the ship 
Duff; which brought the first missionaries to Tonga, provides an etching {figure SS-XVII.l), as well 
as a series of measurements, for one of the langi at Mu’a (Wilson 1799: 283-285). Subsequent visitors 
variously described, depicted and measured the monuments.2^
Wilson (1799: 241 ff.) describes the funeral of the 13th Tu’i Kanokupolu Mumui at Nuku’alofa in 1797. 
He was buried in a stone vault with a cover stone measuring 8’ by 4’ by 1*. The vault was then covered 
with a total of 300 baskets of clean coral sand from the shore. Larger burial chambers are also known, 
although apparently rare. Mariner (Martin 1817: I 153; 404) describes the vaults of Tupouniua (t 
1808?) and Finau ’Ulukalala-’i-Feletoa (t 1810). While Tupouniua’s vault measured 8’ by 6’ and was 
about 8’ deep, Finau’s vault (site TV-Vh-7) was so large that it could contain 30 people. Mariner saw 
two well-preserved and dried-out bodies already there, which had been interred for ‘upwards of forty 
years’, while other, more recently buried bodies had been reduced to skeletons.
House platforms (paepae)
A further category of stone monuments are the paepae, low, rectangular stone- or slab-faced platforms 
upon which dwelling houses were erected. These platforms, which apparently belonged to the highest 
ranks of Tongan society, are only mentioned in oral traditions (cf. McKern nd), and in connection 
with earlier times; they are remarkably absent from the European records. At the time of European 
contact such platforms were faced with wood and societal distinction was based on the type of wood 
used for the retaining walls.
Sitting mounds (’esi)
The sitting mound is one of two other types of stone-faced monument frequently encountered by the early 
European visitors in various parts of Tonga. Built in places with a pleasing view or refreshing bree­
zes, ’esi are invariably described as belonging to the Tu’i Tonga, Tu’i Ha’atakalaua or Tu’i Kanokupolu.
^ Baessler 1895:312; Bastian 1894; Dumont d’Urville 1835; Forbes 1853; Maudsley 1930:237 [came in 1878]; 
Thomson 1894; 1902.
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On 12 July 1777 Cook and some officers undertook an inland expedition, which is described at length by 
Cook (1967: 157-158) and Anderson {ibid. 961-962) and more briefly by King (1967b: 1364). On the top of 
a hill they saw an ‘Etchee’ (King) or ‘E ’tchee’ (Anderson), which Anderson describes as ‘a round heap 
o f coral stones' and King as a ‘circular place pil’d round with coral stones & one or two large ones 
in the middle’. Cook calls it 'a raised round platform or mount o f earth, supported by a wall o f 
coral stone'. Cook also mentions that their guides told them 'that this mount was raised by order o f 
their chief and that they sometimes met there to drink kava’. Both King and Anderson ascertained that 
this example had been built as a mark of the 36th Tu’i Tonga Paulaho’s (‘Powlohow’) sovereignity. Such 
monuments consist o f a circular wall of stones, mostly coral boulders, retaining a fill of earth. Some 
of them have a ramp leading to the top.
Pigeon-snaring mounds {sia heu lupe)
In Tonga and other islands of Western Polynesia pigeon catching was entirely a chiefly sport. The sia 
heu lupe, pigeon-snaring mounds, flat-topped, commonly stone-faced platforms, are artificial islands 
constructed in the mangroves with fruit trees planted on them to attract the birds. Some of them have 
a ramp for access and typically there is a stone-walled pit in the middle of the platform. The best 
description of the way they operated is by Mariner (Martin 1817: II 341-342).To the Europeans the 
sia heu lupe appeared similar to the ’ esi, but had a different and specific function assigned to them 
by Tongan informants. There is also some confusion in the records, as a sia heu lupe at Popua is re­
ported by Anderson as an 'esi. The sport of pigeon-hunting seems to have become less common by the 
time of the arrival of the Europeans, judging from comments by Mariner.3)
STO NE M ONUM ENTS AS INDICATORS O F SO CIA L AND SO CIETA L RANK 
It is obvious from the European and traditional accounts that the monuments described above are symbols of 
highest rank in Tongan society. In order to define the archaeological expression of this, two 
investigations were undertaken: one, a detailed assessment of the slab-faced monuments in the four
3 ^  Compiled after Anderson 1967a: 894; 961-962; Anderson 1967b: 873; Cook 1967a: 157-158; King 1967a: 114; King 
1967b: 1364; Martin 1817: II 341-342.
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areas o f fullest development, Heketa (figure 9.3), ’Afa near Heketa, M u’a (figure 9.10) and Kanokupolu 
(figure A3.5); the other an investigation of a group of stone-faced pigeon-snaring mounds at Popua, 
in the eastern part of the N uku’alofa-M a’ofanga pensinsula.
SLAB-FACED MONUMENTS
Kirch (1980) investigated several slab-faced tombs on Vava’u to assess whether the size of the monu­
ments was correlated with the social rank of the individual interred. He found this not to be the 
case, but, as was pointed out by Cordy (1981), Kirch apparently confused social rank with societal 
rank. Cordy also pointed out that the equation of societal rank4) and elaborateness of burial structure 
is commonly assumed, but is not a straightforward matter, as it is affected by chronological 
and typological issues, such as what constitutes elaborateness and how this might change over time, as 
well as the importance o f elements which may not be archaeologically recognisable, like food accumula­
tion and redistribution.
It was noted during initial fieldwork that the average size of slabs facing monuments in the Heketa 
monument group was smaller than that of the monuments at M u’a and that within M u’a itself a size diffe­
rentiation existed between the (smaller) stones used for the mala’ e o f the Tu’ i H a’ atakalaua and the 
(larger) stones used for the langi of the Tu’i Tonga. Therefore it was decided to investigate the slab- 
size distribution of monuments on Tongatapu in their spatial, chronological and, if possible, social 
dimensions, in order to gain some insight into the evolution of the Tongan social hierarchy. The imme­
diate aim was two-fold: to investigate the extent to which on the one hand social and societal rank is
4) For a more detailed discussion of this issue see Appendix 4. It is essential to clearly separate between 
social rank, i.e. genealogical rank defining the position of an individual with the kin group (sister outranks 
brother, older outranks younger) and societal rank, defining an individual’s position within the society as a 
whole. Societal rank is predominantly governed by class, and within a class by genealogical rank, ability, 
political power and, apparently, also economic power. A surprising amount of confusion has occurred in this 
matter. Kirch (1980:300-301) states that he uses societal in the sense defined by Kaeppler (1971), but then adds 
on the component of Kaeppler’s social rank. In his analysis he mainly uses Kaeppler’s social rank of lineages to 
rank the monuments, but labels this rank societal rank. Since his observations on the archaeological ranking of 
structures do not follow his societal ranking, he introduces the term socio-political rank to describes the 
observed archaeological rank. In fact, his societal rank is Kaeppler’s social rank, with the addition of 
features of Kaeppler’s societal rank, while Kirch’s socio-political rank is Kaeppler’s societal rank. Cordy’s 
(1981:525) social rank is Kirch’s socio-political rank and my societal rank.
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reflected in the monuments and on the other hand slab size could be used to derive a building sequence 
for the monuments in the individual monument groups. The detailed analyses on which the argument is 
based are set out in Appendix 4.
Methodological considerations
The problem inherent in the data set now to be analysed is that two distinctly different mechanisms 
are represented, which overlap and interfere with each other, and which are biased by a third factor:
1) It is postulated that at any given point in time the higher the societal rank of an individual, the 
more elaborate and bigger the funeral will be. This elaborateness may be expressed in the physical 
properties of the burial site and/or the supply of food and valuables during the funeral ceremony. For 
the purposes of this analysis, it is posited that whatever the other expressions, elaborateness of 
burial site is a factor.
2) Cutting across this general argument is the proposition that chronological variation has taken 
place, that the sites became more extensive and elaborate over time. It is also possible that there 
was a decline in elaborateness after a peak had been reached.
3) Confusing the issue is the fact that the function of some of the sites is not beyond reasonable 
doubt, as non-burial structures like ’ esi and paepae may look strikingly similar to single- and multi­
tiered burial monuments.
Theoretically, the interaction of the first two factors is not an impediment, but rather an advantage. 
They can be used to show how visible expressions of rank, beginning at the top, spread throughout the 
high-ranking community. In theory, the highest ranking individual would have started using slab-faced 
monuments as an expression of power and status. Over time lesser-ranking chiefs would have adopted the 
practice, while the monuments of the highest-ranking would have become even more elaborate. A data set 
like the Tongan one is of prime value, as it comprises different locations on Tongatapu, the traditio­
nal political centre, as well as other islands of the archipelago. Thus the proposed developments should be 
able to be followed in detail. Practically, however, these phenomena act as a constraint, as most of 
the sites involved cannot be dated at all, while the few7 which can be are dated in rough terms only.
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Table 8.1: Monument complex at Mu’a, description of groups.
The Inner Group
Inside the fortification there are four monuments: in the centre is the five-tiered structure TO-Mu-8, which has 
comparatively small slabs. In front of this site is a single-tiered structure, TO-Mu-27, which is largely cove­
red by a modem gaveyard. The two large soil mounds TO-Mu-1 and TO-Mu-29, which have one (1) and two 
(29) crowns of slabs at their summits, are located to the north and south of TO-Mu-8. All four monuments are 
located towards the northern margin of the fortification.
The Main Group
The Main Group of langi is outside the fortification and comprises (from south to north) monuments TO-Mu-9, TO- 
Mu-25,TO-Mu-6andTO-Mu-22.Allthesemonumentshaveaverylargegroundplan.WhilemonumentsTO-Mu-9andTO- 
Mu-22 have four tiers, the other two consist of a single tier, although of large proportions.
The Small Group
Thirty metres lagoonward of the row of Main Group monuments is a parallel row of small, single-tiered langi, in 
which the Tu’ i Tonga Fefine are said to have been buried. The monuments comprising this group are (from south to 
north) TO-Mu-23, -24, -35, -28, -18, -19, -36, -37 and -12.
The Northern Group
The two langi across the street from the Main Group (TO-Mu-lO and TO-Mu-16) are both built on an old shoreline. 
One of the sites (TO-Mu-16) is, according to oral traditions (McKern 1929:46), associated with the Tu’i Lakepa.
The Telea Group
The Telea Group consists of five monuments: the Paepae-’o-Telea(TO-Mu-21),/<3rtgi'Namoala(TO-Mu-17), a large 
burial mound with a single stone slab on top (TO-Mu-50), a rectangular structure faced with unworked coral boul­
ders (TO-Mu-68) and another langi (TO-Mu-20). All these monuments are erected on lower ground, newer land, 
which according to some traditions (McKern 1929:100) was reclaimed from the sea.
The Loamanu Group
The Loamanu Group, comprising monuments TO-Mu-30 to TO-Mu-34, is situated on the lagoonward side of the road. It 
is partly erected on lower ground, the same allegedly reclaimed land as the Telea Group.
Ordering the data set
The Tongatapu data set consists of four components: the monument complex at Mu’a, the groups at Heketa 
and ’Afa,andthemonumentatKanokupolu.ThemonumentcomplexatMu’acomprisessixmonument groups 
(see table 8.1).
In time
Since archaeological excavations of langi are impossible because of their special character, dating 
them has to rely on oral traditions.5) Unfortunately, however, some of the traditions do not match and
5-) Kirch (1984) has attempted a detailed correlation between the various langi and known historic figures, 
arriving a tentative sequence for Mu’a, which is discussed in chapter 9 and Appendix 5. For the circumstantial 
dating evidence see section ‘chronology’ below.
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Figure 8.1: Chronology of major monument concentrations on Tongatapu. Time is measured in terms of
Tu’i Tonga (from 1865).
the analysis can be biased. In order to avoid such a bias in the initial stage of analysis, the use of 
traditions in the dating of the data sets is restricted to the bare minimum. There are, however, three 
sets of well-authenticated information from traditional sources that can be used as a base (cf. Gifford 
1929). The first is the sequence of capital places, discussed in detail in chapter 9: Toloa, where no 
slab-faced monuments exist, followed by Heketa, followed by Mu’a, which became the capital with the 
14th Tu’i Tonga. The second is the sequence of highest-ranking titles: that of the Tu’i Tonga being the 
oldest, followed by that of the Tu’i Ha’atakalaua, founded by collateral fission from the 24th Tu’i 
Tonga, followed by that of the Tu’i Kanokupolu line, founded by collateral fission from the 7th Tu’i 
Ha’ atakalaua. The third is that while the correlation of oral traditions with actual monuments in the 
field is a bone of contention (see Appendix 5), so that the identification of specific monuments with 
specific individuals is often in doubt, their correlation with specific lineages is not. The rele­
vant lineages are spelt out in table 8.2. Using all the information, a relative chronology of monument 
groups can be described in general terms, as in figure 8.1, and more specific terms, as in figure 8.2. 
It must be bome in mind, however, when considering chronology, that not all monuments of a particular
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Figure 8.2: Chronology of monument groups on Tongatapu. 
Time is measured terms of Tu’i Tonga (from 1865).
group were built before the first monument of a subsequent group.6) Thus the dating o f a monument 
group provides a terminus post quern only for the monuments within it.
In rank
From the European and the traditional information available, it is clear that slab-faced monuments to 
be discussed belong to members of the upper classes of Tongan society, who were genealogicaly related. 
Social rank within the highest societal level is determined by closeness to the fine o f direct descent 
from the first Tu’i Tonga, ’Aho’eitu, so that the social ranking of the lineages represented in the 
slab-faced monuments is as shown in figure 8.3. Since, as we have seen, the lineage affiliations of 
the monuments are known, we can rank the monument groups as in figure 8.4.
It should be noted that the number of representatives dealt with within each category is not the same: while 
there are 10 langi in the Small Group, there are only 5 in the Loamanu Group, 4 each in the Main and Inner 
Groups, 3 in the Heketa Group, 2 each in the Telea Group and the Northern Group, one each at ’Afa and in the 
Kanokupolu sample.
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Figure 8.3: Ranking of the lineages represented in the monument groups under study.
TIME =>
Main Group, Inner Group, 
Telea Group: TO-Mu-21
Small Group
Northern Group: 
TO-Mu-10, -18 
Telea Group: 
TO-Mu-17, -50
It
RANK
Loamanu Group
mala’ e at 
Kanokupolu
Figure 8.4:
Societal ranking of the monument groups under study. Note that both the monuments of the Small Group and 
those of the Inner and Main Groups belong to the Ha’a Tu’i Tonga, but the latter two belong to the 
Tu’i Tonga, who have a higher societal rank than the Tu’i Tonga Fefine buried in the Small Group.
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Figure 8.5: Univariate distribution of the average total height (in m) of the individual slabs in
various monument groups on Tongatapu.
THE ANALYSIS
On the basis of the chronological and social information at our disposal, we can now proceed to look 
at various parameters of the slab-faced monuments. The details are set out in Appendix 4 and the 
significant features described below. I begin the analysis with the stone slab itself and proceed to 
the site as a whole.
Stone slabs
The univariate distribution of the average total height (including the buried part, see Appendix 4 for 
details) of slabs used in a monument group (figure 8.5) shows an increase in height from Heketa 
through the Inner Group to the Main Group of Mu’a. The slabs used for the Telea Group are of similar 
size to those of the Main Group, while those of the Loamanu Group and the Small Group are smaller. The 
monument at Kanokupolu has slabs which are taller than those of the Loamanu Group. It appears that 
there is a trend of increasing slab height over time, influenced by societal ranking. If this is so,
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Table 8.2: Lineages represented in slab-faced monuments on Tongatapu.
Ha a Tu’ i Tonga
The members of the Ha’ aTu’iTonga are the direct descendants (in the male line) of the first Tu'i Tonga, ’Aho’eitu. 
Ha a Fale Fisi
Th£ Fale Fisi was formed by the marriage of the Tu’i Tonga Fefine Sinaitakala-’i-Langileka, daughter of the 
29 Tu’i Tonga ’Uluakimata I (Telea), with the son of a Waciwaci (Fijian: vasivasi) chief Tapu'osi of Lakeba 
in the Lau Group (e.g. Reid 1977). The Fale Fisi comprises the tides Tu’i Ha’ateiho, Tu’i Lakepa, Tuli ’afitu 
and Ma'atu.
Ha’aTakalaua
The Ha’a Takalaua was formed by the 24lh Tu’i Tonga Kau’ulufonoa Fekai, who appointed his younger brother 
M o’ungamotu’a as the hau (secular political ruler) and created the title Tu’i Ha’atakalaua.
Ha’ a Moheofo
The 7th Tu’i Ha’atakalaua gave control over the western sector of Tongatapu to his younger brother Ngata, who 
assumed the title Tu’i Kanokupolu. The Ha’a Moheofo are the direct descendants of Ngata. We can assume that the 
mala’ e at Kanokupolu belongs to the Ha’a Moheofo.
then the height distribution clearly indicates that the Tu’i Kanokupolu had a higher societal rank (as 
opposed to social rank) than the Tu’i Ha’atakalaua at the time that the mala’e at Kanokupolu was 
erected. However, the monument at ’Afa, of uncertain age (see chapter 9), has by far the tallest slabs. 
By and large, these results are repeated in the assessment based on the average length of the slabs 
used in the monuments (figure 8.6), but the size difference between the Loamanu Group and the 
Kanokupolu monument is not as accentuated.
Average total height, and by implication also visible height, and length of slabs are correlated 
(figure 8.7), indicating that the visible stone area of the slab was increased, rather than height or 
length alone.
A statistical comparison of the total area of the individual slabs (table 8.3) shows that all groups 
investigated differ from each other at the 99.9% level (P < 0.001), save for the comparison of the Loa­
manu Group with the Small Group, where the significance is at the 99.4% level (P = 0.006), and for that 
of the Inner Group with the Kanokupolu monument, where the size differentiation is insignificant (P = 
0.331).
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Figure 8.6: Univariate distribution of the average length (in m) of the individual slabs in
various monument groups on Tongatapu.
Figure 8.7: Line plot comparing the average length, total height and thickness of individual slabs
in various monument groups on Tongatapu.
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Figure 8.8: Distribution of the slab size of the average stone slab (in m2) in relation to the social 
rank of the site. Social rank: 1 - Tu’i Tonga ; 2 - Tu’i Tonga Fefine; 3 - Ha’aFale Fisi\ 4 - Ha’a
Takalaua ; 5 - Ha’aMoheofo (Tu’i Kanokupolu).
If we plot7) the average total size of stone slabs (in m2) against social rank (figure 8.8), we find 
that stone slabs with an area of less than 3.5 m2, which is about half the maximum area (7.05 m2) 
observed, can occur in monuments of all social classes. Larger slabs, however, are restricted to monu­
ments of the Tu’i Tonga. It is of interest to note that the representative of the lowest social class 
in the sequence, the mala’e of the Tu’i Kanokupolu, has slabs of a larger area than many monuments of 
higher-ranking classes.
i ) It should be noted that the graphics package used to create the plots was not able to handle overlap of 
data points. Therefore, two sites with about the same value will be included in the same point.
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Table 8.3: Statistical comparison (Student’s r-test) of slab size (total area in nT) in various 
monument groups at M u’a with that in the Heketa Group and at Kanokupolu. Very significant probabili­
ties (P < 0.001) are shown in bold. The instances where B is larger than A are shown in italics.
(A)
Inner Main Small Telea Loamanu Heketa Kanokupolu
Inner X 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.006 0 . 0 0 0 0.331/
Main X 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
Small X 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
(B) Telea X 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
Loamanu X 0 . 0 0 0 0.006
Heketa X 0 . 0 0 0
Kanokupolu X
Groups (Mu’a monument numbers refer to figure 9.10; those of the Heketa Group refer to figure 9.3): Innen 
1, 8, 27, 29; Main: 6, 9, 22, 25; Small: 12, 18, 19, 23, 24, 28, 36, 37; Telea: 17, 20, 21, 50; Loamanu: 30, 
31,32, 33, 34; Heketa: 10,11 12. Note that the Small Group here also includes the Northern Group.
The average thickness o f slabs (figure 8.9) behaves quite diferently from the other parameters. On the 
whole, the slabs of all monument groups have the same thickness, about 0.2 to 0.25 m, with three 
notable exceptions: ’Afa, Mu’a Main Group and Telea Group, all of them with very large and very thick 
stone slabs. It is obvious that thickness is governed by the natural thickness of the beachrock from 
which the slabs were obtained. This implies that the sources for the slabs at ’Afa, Mu’a Main Group 
and Telea must be different from those for all other monuments.
Entire sites
Site volume
A very clear distinction between monument groups can be obtained by looking at the average volume of 
the sites (figure 8.10). Both the Main and the Inner Groups at Mu’a have sites with very large volumes 
of soil, while the members of all other groups are considerably smaller. This observation in valid both 
in the chronological (Heketa) and social perspective (Loamanu, Small Group, Kanokupolu). The Telea 
Group consists of monuments of smaller average size than those in the Main and Inner Groups, but of 
substantially larger average size than monuments of lower social rank. The monument group of Heketa, 
the Mu’a Small and Loamanu Groups and the Kanokupolu monument are all of approximately the same 
average volume, allowing no social or societal distinction on this level of investigatory detail. It
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Figure 8.9: Univariate distribution of the average thickness (in m) of the individual slabs in
various monument groups on Tongatapu.
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Figure 8. JO: Univariate distribution of the average volume (in m ) of sites in various monument
groups on Tongatapu.
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Figure 8.11: Volume of slab-faced monuments on Tongatapu plotted against their rank in the seriation.
appears that the higher-ranking sites became larger over time, until they reached a peak in the Main 
Group and then became smaller again. Despite this trend, the size differences between the steps of the 
social and societal ladder seem to have been maintained.
If a new monument were meant to suipass the largest existing one and if the size of sites were
increased gradually, then we might expect a linear progression. This model situation can be
investigated by seriating all the slab-faced sites on Tongatapu by their volume and plotting the volume
of the sites against their rank in the seriation (figure 8.11). As can be seen, the real distribution
curve differs widely from the expected one, although this is far less so if we plot volume against rank
on a logarithmic scale (figure 8.12). It is interesting that two-thirds of the sites have a
relatively linear distribution, conforming to the model. The model is disturbed by a few sites which
were built with extremely large volumes. Based on the rank distribution and using the breaks in the
curve (figure 8.11), three classes of monuments can be identified:
Class I: monuments of more than 5000 m3 volume 
Class II: monuments of 1500 to 5000 m3 volume 
Class III: monuments of less than 1500 m3 volume
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Figure 8.12: Volume of slab-faced monuments on Tongatapu plotted against their rank in the seriation.
(plotted on a logarithmic scale).
where the major break occurs between class II and III. Class I includes 10%, class II 20% and class 
III 70% of all monuments. There are three monuments in class I, TO-Mu-1, TO-Mu-9 and TO-Mu-29, two 
of them (1, 29) in the Inner Group inside the fortification and the other in the Main Group; both 
groups belong to the Tu’i Tonga. Class II monuments (TO-Mu-6, -8, -21, -22, and -25) are in the same 
locations as those of Class I, as well as in the Telea Group, which has the burial of a Tu’i Tonga.
The plot of the distribution of the volume of a site (in m3) against its social rank (figure 8.13) 
makes a compelling picture: all sites above 2000m3 are sites of social rank 1, belonging to the 
Tu i Tonga lineage. TO-Mu-17 of social ranking 3 distorts the pattern and we shall return to discuss 
this site shortly. Let us first look, however, at the lower end of the size scale. We notice a few 
social class 1 monuments far below the threshold of 2000mJ. These are site TO-Mu-27 and the three 
Heketa sites. If the latter three are omitted on the grounds that they are chronologically much earlier 
than the rest of the sites, then only site TO-Mu-27 remains, belonging to the monument group inside the
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Figure 8.13: Distribution of the volume of the site (in m3) in relation to the social rank of the site. 
Social rank: 1 - Tu’i Tonga ; 2 - Tu’i Tonga Fefine; 3 - Ha’aFale Fisi; 4 - Ha’ a Takalaua ; 5 - Ha’ a
Moheofo {Tu’i Kanokupolu).
fortification. If the arrangement of the monuments outside the fortification is any guide, then the 
location of site TO-Mu-27 suggests that it is in fact a langi for a Tu’i Tonga Fefine. As such it would 
be well within the range of the other social class 2 langi of the Tu’i Tonga Fefine. If we eliminate 
TO-Mu-27 from the plot, then the langi of the Tu’i Tonga are well differentiated as a class from those 
of all other social classes.
Site height
In this exercise site height is the height of the slab-faced component of a monument, so that the 
height of the supporting earthen mounds atTO-Mu-1 and TO-Mu-29 is ignored (c/. Appendix 4). The plot 
of the distribution of the average total height of monuments (in m) against social rank (figure 8.14) 
replicates the pattern of average size of stone slabs (m2) against social rank (figure 8.8). The spread 
of the monuments of social classes below that of the Tu’i Tonga is very condensed and the monuments
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Total height of facing
Figure 8.14: Distribution of the height of facing (in m) in relation to the social rank of the site. 
Social rank: 1 - Tu’i Tonga ; 2 - Tu’i Tonga Fefine; 3 - Ha’ a Fale Fisi\ 4 - Ha’ a Takalaua ; 5 - Ha’a
Moheofo (Tu’ i Kanokupolu).
measure less than a metre in height. Site TO-Mu-17, the langi Namoala, is an exception, as it was 
with the plot of site volume against social rank (figure 8.13), and will be discussed later.
A basic element of this ranking by total height of the slab-faced component of sites is the numner of tiers 
o f retaining walls that are present. The reason that many monuments measure less than a metre in height 
is that they consist o f one tier only. Indeed, none of the lower-ranking burial sites, i.e. those of 
the Tu’ i Ha’atakalaua and T u 'i Kanokupolu onTongatapu and the sites onV ava’u andH a’apai where the 
interred individuals are known, has more than a single tier.8) The langi of the Ha’a Tu’i Tonga and 
the Ha’a Fale Fisi, however, have both one and more than one tier.
g\
To the knowledge of the author only two slab-faced monuments exist in Tonga beyond Tongatapu with multiple 
tiers: a three-tiered langi (?) at Feletoa (TV-Vh-4; Spennemann 1987a: II 37) and a two-tiered structure at 
Pangai, Lifuka (TH-Li-4). While the site at Feletoa has no oral traditions associated with it, the one at Pangai 
belongs to the Tuita lineage. The site is called a langi by virtue of the Tu’i Tonga Fefine Nanasipau, who is 
buried there (with other people).
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Figure 8.15: Distribution of number of tiers per site in relation to the social rank of the site. 
Social rank: 1 - Tu’i Tonga ; 2 - Tu’i Tonga Fefine; 3 - Ha’a Fale Fisi; 4 - Ha’ a Takalaua ; 5 - Ha’ a
Moheofo (Tu’ i Kanokupolu).
If we classify the langi according to the number of tiers, the following groups with more than one 
tier emerge:
five tiers: TO-Mu-8;
four tiers: TO-Mu-9, TO-Mu-22;
three tiers: TO-Mu-6, TO-Mu-17, TO-Mu-21;
two tiers: TO-Mu-18, TO-Mu-29.
A plot of the distribution of the number of tiers against the social rank of the sites is given in 
figure 8.15. As can be seen, the tombs of the Tu’i Tonga have up to five tiers and langi Namoala 
of Fale Fisi again stands out by having three. The langi of the Tu’i Tonga Fefine are in stark
contrast to this, as they have only one tier. The tombs of the Tu’i Ha’atakalaua and the Tu’i
Kanokupolu have a single tier only. The plot of the distribution of the number of tiers per site 
against the area (in m ) of the average stone slab (figure 8.16) is inconclusive, as is that of
number of tiers per site against site volume (in m3) (figure 8.17). In both cases no correlation
between the number of tiers and metric parameters was found.
Lower-ranking sites
It is obvious from some of the analyses carried out, average size of stone slabs, site volume and site 
height/number of tiers, that while they separate out the langi of the Tu’i Tonga, they are not 
very illuminating about possible differences between the other monuments, as the distributions are too
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Figure 8.16: Distribution of the number of the tier§ per site in relation to the size of the
average stone slab (in m") per site.
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Figure 8.17: Distribution of the number of the tiers per site in relation to the volume of the
site (in m3).
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condensed. In order to compare the societal status of these other burial places with the slab size used, 
we can use the mala’ e of the Tu’ i Kanokupolu as the reference sample. If we compare the mala’ e of 
the Tu i Kanokupolu with the langi of the Fale Fisi of the Northern Group at Mu’a, we note that the 
average slab size (in m2) of the Fale Fisi is smaller, though statistically not significantly (JP = 
0.191; df = 133.78). As regards size difference between the mala’ e of the Tu’i Kanokupolu and the 
Small Group at Mu’a, the stones of the mala’ e are very significantly larger (P < 0.001, d f -  69.69).
Langi Namoala (TO-Mu-17)
Langi Namoala of Ha’ a Fale Fisi is a monument which has stood out in the analysis of site volume and 
site height/number of tiers. It occupies a position there between the monuments of the Tu’i Tonga 
on the one hand and other monuments of the Ha’a Fale Fisi, as well as those of the Tu’i 
Ha’atakalaua and Tu’i Kanokupolu, on the other. Given its social ranking and the overall 
similarity in volume of these other monuments, its exalted position appears somewhat suspicious. It 
appears feasible either
i) that a Tu’i Tonga was interred there;
ii) that the monument had been built for one of the Tu’i Tonga, but never used for him; or
iii) that at the time of construction, the position of the then newly founded (?) Fale Fisi warranted 
an exalted position and that over time the societal (as opposed to social) rank of the Fale Fisi 
waned, thus forcing the subsequent Tu’i Lakepa and Tu’i Ha’ateiho to erect their new langi on a smal­
ler scale or to reuse their existing langi Namoala. This issue cannot be resolved on present evidence, 
though the third interpretation appears to be the most likely in the light of Tongan social and 
societal ranking procedure. If we contemplate that the monuments represent societal rather than social 
rank, or, perhaps, a combination of both, then this interpretation of the monuments of the Fale 
Fisi makes some sense. The newly created Fale Fisi is socially lower-ranking than the Tu’i Tonga 
Fefine, but has a higher political power, and therefore societal rank. Thus we would expect the 
monuments to be larger. This explanation is inconclusive, however, in the light of the monuments of 
the Tu’i Ha’atakalaua, who, according to tradition, had lower social rank, but much greater 
political power than the Fale Fisi. It is possible, however, to interpret the discrepancy in stone size
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as an indication of the fact that the political power of the Fale Fisi at its conception would have 
eclipsed that of the Tu’i Ha’ atakalaua. Given the available traditions, this model cannot be 
substantiated without further data.
Labour expenditure as a measure of social/societal rank
We can readily imagine that the greater part of the labour investment in the slab-faced monuments went 
into the procurement and transport of the stone, whereas the soil could be obtained close to the spot.
European observations
The early Europeans speculated as to where the stones of the slab-faced monuments had come from and 
how the Tongans might have quarried them (eg. Cook 1969: 251). According to Mariner (Martin 1817: II 
257; 1827:295; 360), the stones were quarried 'out o f the stratum found on some o f the beaches o f 
some o f the islands’. Dumont d ’Urville (1835) quotes the account of an officer on Pendleton’s ship 
Oceanic, who in turn is quoting the English beachcomber Singleton9):
On the way [from Hihifo] Singleton pointed out to the Captain extensive and regularly shaped excavations in the 
coral blocks. ‘It is from here’ he said ‘that the islanders brought the enormous blocks for the Mu’a tombs’. 
Some of these were twelve feet long, with a width in proportion. They hued them out at low tide, placed them on 
timber rollers and pushed them along in the water as long as possible. At high-tide the canoes come to load them 
up. Others, however, came from farther away still. They went to get them in Ha’apai and Vava’u.
The Frenchman Labillardiere (1800: 11152-153), officer of D ’Entrecasteaux’s expedition, is the only
European to witness and describe the process of quarrying stone slabs, which he observed on Pangaimotu:
On the sea side we saw several natives occupied in squaring some large stones of the calcareous kind, which, we 
were informed, were intended to be employed in burying a chief, who was related to Futtafeihe [Fatafehi Paulaho, 
the 36th Tu’i Tonga]. They first removed the earth from them, and then separated them by breaking them with a 
volcanic pebble, round which, near the middle, they took the precaution to wrap pieces of matting, to prevent 
the splinters from flying into their eyes. They were scarcely below the surface of the earth and arranged in 
strata about four inches thick.
Occurrence of quarries
From archaeological survey, such beachrock quarries are known in the Tongatapu Group from beaches on 
the mainland, as at H a’atafii (TO-Ka-14), H a’ateiho (TO-At-139) and Niutoua (TO-Nt-55), and especially 
on the offshore islets o f Pangaimotu (TO-Pi-8), M akaha’a (TO-Bi-2 & 4), Fafa (TO-Fi-1), ’Onevao (TO-
9) Singleton, like Mariner, was a survivor of the Port-au-Prince massacre in 1806, who preferred to remain in 
Tonga.
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Table 8.4: Stone dimensions of slab-faced monuments on Tongatapu: total height has been calculated, 
assuming that 41.5 % of a slab is buried in the soil.
R e g i o n Site N
L E N G T H  
M e a n  SD
(cm)
T H I C K N E S S  
M e a n  SD
(cm)
T O T A L  HEI G H T  
M e a n  3D
(cm)
A R E A
M e a n  SD
Mu' a 1 72 129.10 52.95 18.06 5.96 140.12 33.76 1.88 1.58
Mu' a 6 209 216.08 90.20 32.80 12.00 125.76 34.83 2.84 1.72
Mu' a 8 401 167.09 82.24 21.01 8.93 81.39 28.37 1.43 1.11
Mu' a 9 189 335.48 139.99 31.93 9.87 171.20 33.66 5.86 3.21
Mu' a 10 50 127.86 53.26 23.27 9.53 86.35 16.38 1.14 0.58
Mu' a 12 71 139.44 45.95 23.38 4.68 95.63 61.89 1.36 1.04
Mu' a 17 188 197.56 91.91 23.34 9.62 117.18 31.60 2.36 1.33
Mu' a 18 118 165.25 88.74 21.10 9.13 118.81 44.79 2.11 1.75
Mu' a 19 54 116.85 36.83 18.33 3.63 52.36 15.43 0.62 0.30
Mu' a 21 164 216.04 105.64 43.72 29.81 143.55 75.96 3.34 2.65
Mu' a 22 289 204.89 80.98 27.51 10.55 121.79 38.56 2.62 1.52
Mu' a 24 47 198.09 70.96 22.34 3.58 102.39 18.41 2.02 0.78
Mu' a 25 67 300.82 143.60 132.51 10.89 227.63 47.64 9.05 4.00
Mu' a 27 64 128.44 34.93 22.66 6.23 94.98 17.86 1.23 0.43
Mu' a 28 54 133.24 41.96 23.52 4.91 117.17 28.02 1.60 0.72
Mu' a 29 114 242.19 98.64 32.59 11.13 156.19 65.78 3.98 3.09
Mu' a 35 24 119.58 40.45 16.25 5.56 48.75 13.47 0.58 0.29
Mu' a 36 38 94.87 24.91 16.97 3.94 49.70 65.83 0.46 0.56
Mu' a 48 49 113.67 38.03 17.14 3.95 50.05 11.37 0.57 0.24
Mu' a 99 38 80.79 43.89 18.29 8.72 60.32 35.22 0.53 0.66
H e k e t a
Hek e t a
H e k e t a
10
11
12
119
57
80
123.74
132.54
109.56
40.23
33.14
33.84
16.68 
25.70 
21.63
3.97
6.22
9.53
54.65
65.54
65.54
18.07
15.56
16.80
0.67 
0.85 
0.72
0.32
0.25
0.29
' Afa 98 26 303.85 97.95 136.35 11.27 229.85 34.52 6.97 2.40
L o a m a n u  30 22 127.05 47.24 17.50 5.28 89.26 21.78 1.16 0.63
L o a m a n u  31 28 98.04 33.37 14.46 3.68 52.90 23.06 0.54 0.40
L o a m a n u  32 42 240.00 75.94 24.17 9.93 124.58 56.93 3.10 2.06
L o a m a n u  33 33 108.03 33.49 15.76 3.33 70.83 25.13 0.79 0.36
L o a m a n u  34 65 136.92 48.89 19.08 4.13 107.82 32.47 1.51 0.78
K a n o k u p o l u  8 49 153.16 45.86 18.06 4.41 103.47 18.56 2.07 1.18
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Table 8.5: Slab-faced monuments on Tongatapu: compilation of basic measurements of the entire site.
REGION SITE
N/S
(m)
E/W
(m)
HEIGHT
(m)
AREA
(m2)
SOIL-
VOLUME
(m3)
STONE-
WEIGHT
( t )
Mu' a 1 2 4 . 6 0 2 4 . 7 0 0 . 8 0 6 0 7 . 6 2 6 4 3 7 . 0 4 5 2 . 9 4
Mu' a 6 1 2 . 9 0 1 5 . 4 3 2 . 1 8 5 9 7 . 2 7 3 2 3 2 . 2 5 4 1 7 . 0 8
Mu' a 8 6 . 1 1 6 . 6 1 2 . 2 7 2 4 2 . 2 0 2 2 3 0 . 2 0 2 6 1 . 9 3
Mu' a 9 1 0 . 4 9 1 2 . 5 0 3 . 9 0 5 2 4 . 3 8 6 0 1 9 . 3 3 7 3 3 . 1 8
Mu' a 10 1 3 . 4 5 1 9 . 0 0 0 . 4 9 2 5 5 . 5 5 1 1 2 . 6 2 2 6 . 3 5
Mu' a 12 2 4 . 8 0 2 6 . 8 0 0 . 5 4 6 6 4 . 6 4 3 0 2 . 4 3 4 5 . 6 5
Mu' a 17 6 . 6 9 9 . 3 1 2 . 7 4 2 4 9 . 1 1 1 3 6 3 . 8 4 1 9 8 . 0 3
Mu' a 18 1 3 . 3 8 2 0 . 3 8 1 . 3 5 5 4 5 . 0 3 7 9 7 . 0 7 111 .45
Mu' a 19 1 5 . 4 5 1 7 . 1 5 0 . 2 8 2 6 4 . 9 7 7 0 . 3 2 1 2 . 3 3
Mu' a 21 9 . 7 0 1 2 . 6 5 2 . 7 5 3 6 8 . 1 1 2 0 8 2 . 2 7 5 2 5 . 4 9
Mu' a 22 9 . 5 9 1 1 . 6 3 2 . 8 2 4 4 5 . 8 2 3 8 9 4 . 4 3 4 4 8 . 7 9
Mu' a 24 2 5 . 9 5 2 1 . 2 5 0 . 5 9 5 5 1 . 4 4 3 0 8 . 1 9 4 1 . 0 4
Mu' a 25 5 2 . 1 0 5 2 . 1 0 1 . 3 0 2 7 1 4 . 4 1 3 0 1 4 . 8 8 3 1 7 . 7 6
Mu' a 27 1 9 . 8 0 2 3 . 5 0 0 . 5 4 4 6 5 . 3 0 2 4 1 . 7 5 3 4 . 9 6
Mu' a 28 2 2 . 6 0 1 4 . 1 5 0 . 6 7 3 1 9 . 7 9 2 0 2 . 3 8 3 9 . 8 2
Mu' a 29 1 8 . 7 3 1 9 . 0 7 1 . 8 0 7 1 4 . 3 6 9 3 1 5 . 7 7 3 1 9 . 9 0
Mu' a 35 1 2 . 3 5 9 . 4 0 0 . 2 6 9 1 . 3 9 1 5 . 1 4 4 . 7 9
Mu' a 36 1 0 . 0 5 1 2 . 8 5 0 . 2 6 1 2 9 . 1 4 2 3 . 8 2 5 . 7 0
Mu' a 48 1 2 . 7 0 1 5 . 2 5 0 . 2 6 1 9 3 . 6 8 4 6 . 5 5 9 . 6 2
Mu' a 99 1 2 . 4 5 1 6 . 4 0 0 . 3 3 2 0 4 . 1 8 - 1 . 4 4 9 . 8 1
H e k e t a 10 6 . 6 5 4 . 3 1 0 . 8 7 8 5 . 9 8 6 1 . 4 0 2 5 . 9 9
H e k e t a 11 2 6 . 1 5 1 6 . 9 5 0 . 3 6 4 4 3 . 2 4 8 7 . 3 0 2 4 . 5 7
H e k e t a 12 2 9 . 7 0 1 5 . 7 5 0 . 3 6 4 6 7 . 7 8 1 6 2 . 5 1 2 4 . 6 5
' Af a 98 2 3 . 8 5 1 8 . 2 0 1 . 3 1 4 3 4 . 0 7 5 3 0 . 6 8 1 2 6 . 3 6
Loamanu 30 9 . 5 5 1 7 . 2 5 0 . 5 0 1 3 0 . 2 4 6 1 . 3 9 8 . 7 2
Loamanu 31 9 . 3 0 1 4 . 7 5 0 . 2 8 1 3 7 . 1 8 3 6 . 7 6 4 . 5 9
Loamanu 32 2 8 . 3 0 2 3 . 4 0 0 . 7 1 6 6 2 . 2 2 4 1 9 . 1 6 6 6 . 6 7
Loamanu 33 1 6 . 0 5 1 9 . 6 0 0 . 4 0 3 1 4 . 5 8 1 2 0 . 0 0 8 . 0 0
Loamanu 34 2 6 . 0 0 2 0 . 4 0 0 . 6 1 5 3 0 . 4 0 3 1 3 . 6 2 3 6 . 2 3
K a no ku po l u  8 9 . 2 5 1 0 . 0 5 0 . 7 4 1 8 5 . 9 3 2 6 3 . 7 8 4 2 . 8 3
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Table 8.6: Slab-faced monuments on Tongatapu: labour investment (in person-days).
R E G I O N SITE T R A N S P O R T
S O I L
E X C A V A T . T O T A L Q U A R R Y I N G
STONE
T R A N S P . T O T A L
G R A N D
T O T A L
Mu' a 1 3657.4 3218 . 5 6875.9 73415.0 442.1 73857.1 80733.1
Mu' a 6 1836.5 1616.1 3452.6 498427.5 3733.5 502161.1 505613.7
Mu' a 8 1267.1 1115.1 2382.2 451883.8 2166.7 4 5 4 050.5 456432.8
Mu' a 9 3420.0 3009.6 6429.7 641931.3 6595.5 648526.8 654956.5
Mu' a 10 63.9 56.3 120.3 50677.5 212.8 50890.3 51010.6
Mu' a 12 171.8 151.2 323.0 80195.0 374.9 80569.9 80893.0
Mu' a 17 774.9 681.9 1456.8 26574 1 . 3 696.8 2 6 6 438.1 2 6 7 894.9
Mu' a 18 452.8 398.5 851.4 148988.8 956.9 149945.7 150797.1
Mu' a 19 39.9 35.1 75.1 34360.0 76.8 34436.8 34511.9
Mu' a 21 1189.5 104 6 . 7 2236.2 598420.4 1878.0 600298.5 602534.7
Mu' a 22 2212.7 194 7 . 2 4159.9 555319.5 3987.2 559306.8 563466.8
Mu' a 24 175.1 154.0 329.2 63613.7 359.9 63973.7 64302.9
Mu' a 25 1713.0 1507.4 3220.4 241878.8 2858.8 24473 7 . 6 2 4 7 958.1
Mu' a 27 137.3 120.8 258.2 65766.2 277.9 66044.2 66302.4
Mu' a 28 114.9 101.1 216.1 64558.7 340.6 64899.3 65115.5
Mu' a 29 5293.0 4657.8 9950.9 313815.0 2871.1 316686.2 326637.1
Mu' a 35 8.6 9.5 16.1 13805.0 28.6 13833.6 13849.7
Mu' a 36 13.5 11.9 25.4 18837.5 32.3 18869.8 18895.3
Mu' a 48 26.4 23.2 49.7 28133.7 54.9 2 8188.7 28238.4
H e k e t a 10 34.8 30.7 65.5 71587.5 322.7 71910.2 71975.8
H e k e t a 11 49.6 43.6 93.2 58898.7 359.4 59258.1 59351.4
H e k e t a 12 92.3 81.2 173.5 61775.0 333.0 62108.0 62281.6
' Af a 98 301.5 265.3 566.8 101556.3 2274.5 103830.8 104397.7
L o a m a n u 30 34.8 30.7 65.5 16778.7 26.7 16805.4 16871.0
L o a m a n u 31 20.8 18.3 39.2 12632.5 12.2 12644.7 12684.0
L o a m a n u 32 238.1 2 0 9.5 447.7 77783.7 236.3 78020.0 78467.7
L o a m a n u 33 68.1 60.0 128.1 18925.0 19.0 18944.0 19072.1
L o a m a n u 34 178.1 156.8 335.0 61145.0 117.7 61262.7 61597.7
K a n o k u p o l u  8 149.8 131.8 281.7 60851.2 360.9 61212.2 61493.9
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Figure 8.18: Bivariate plot of length (across) vs. height (down) of 68 slabs or cut-outs of 
successfully quarried slabs from various beachrock quarries in Tonga. In the case of cut-outs of an 
average groove width of 0.2 m was assumed and deducted.
Oi-2b) and Motutapu (TO -M i-l).10) In general, the quarries at the beaches on the mainland are much 
smaller than those found on the islands.
Circumstances of procurement
The ideal would be to correlate specific monuments with specific quarries, but this has not proved 
possible. Table 8.7 summarises the statistics for the slabs found or reconstructed in several 
quarries. Figure 8.18 shows a bivariate plot of length versus width for slabs and cut-outs at the
1  ^ Beachrock occurs as well on other islets, like Malinoa, Tau, Fukave, Nuku and Ata, which, therefore, are 
potential quarry sites. However, the beachrock there, although suitable for the purpose, was apparently not 
quarried. This may have been due to problems of transport.
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Table 8.7: Basic measurements at various beachrock quarries: slabs, actual size; cut-outs, groove 
width of 0.2 m deducted.
LENGTH WIDTH AREA (m2)QUARRY N Mean SD Mean SD Mean SD
Pangaimotu 26 176.15 42.14 74.23 25.83 1.34 0.65Faf a 12 197.92 47.07 88.75 40.00 1.74 0.95Makaha'a 7 200.00 61.64 99.28 29.92 2.11 1.21
Keitahi Beach 15 164.00 57.94 111.33 55.17 1.96 1.46'Utungake 8 232.50 32.40 131.87 41.22 3.14 1.32
Total 185.72 51.20 93.55 42.66 1.82 1.17
quarries. As can be seen by comparison with the bivariate plots for slabs actually built into monu­
ments (figures A4.12-A4.28; see Appendix 4), slab size at the quarries is much smaller than that of 
numerous slabs used in the monuments. Even if quarry and monuments are immediately next to each other, 
as is the case on ’Utungake, Vava’u (c/. Kirch 1980; Spennemann 1987h:II 198), such a correlation is 
not possible. Table 8.8 shows the situation there. Deviating from the overall pattem that slab size 
as evidenced at the quarries is generally smaller than that in the monuments, the situation is 
reversed. It should be noted, however, that only eight unfinished slabs or cut-outs could be measured 
in the quarry, compared with 123 stones needed for the monuments.
This points to a crucial problem when dealing with quarries. Depending on the quarrying procedure, 
large sheets of beachrock are worked in small, contiguous units, thus creating large irregular cut­
outs. This is particularly visible at the southern end of the Pangaimotu quarry. Although survey here 
showed that large cut-outs could have been created from a series of small slabs, it is equally possi­
ble that one or two larger slabs were procured from the centre, any evidence of them being obliterated 
by further quarrying at the margins. In addition, quarrying of a second, lower layer of beachrock was 
well advanced in places, removing any traces at the higher level. Coastal change is known both
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Table 8.8: Basic measurements for slabs quarried at ’Utungake, Vava’u, and for slabs used in the monu­
ment group nearby. In the case of cut-outs, a groove width of 0.2 m has been deducted.
Site N
LENGTH
Mean SD
WIDTH
Mean SD
AREA
Mean
(m2)
SD
Quarry 8 232.50 32.40 131.87 41.22 3.14 1.32
Site TV-Ut-1 67 93.88 29.65 82.24 28.12 0.78 0.38
Site TV-Ut-3 14 133.75 43.60 83.93 21.67 1.13 0.45
Site TV-Ut-5 42 81.30 33.05 67.86 18.11 0.57 0.38
to expose and to cover beachrock outcrops. Thus it is possible that former quarries are now buried by 
sand. The opposite case is represented by a quarry reported as recently exposed on Malinoa, a small 
islet about 11 km north of the lagoonal mouth, though the veracity of the report could not be checked. 
More importantly, beachrock forms relatively quickly, if sufficient precipitation of CaC03 takes 
place. A local example from Ha’atafu beach, where glass fragments are firmly embedded in the 
beachrock, exemplifies the rapidity of the formation process. Thus it is possible that former quarries 
have become obliterated by newly formed beachrock conglomerate. In addition, of course, normal erosion 
is a further agent of destruction.
Apart from these agencies, cultural factors need to be taken into account. We might hope to trace the 
slabs from a specific monument to a specific quarry if they were quarried on order. If they were quar­
ried for stock, for eventual use somewhere, however, any such exercise would be well-nigh impossible. 
Evidence both from the quarries and from the monuments suggests that stockpiling was the practice.
The Pangaimotu survey, fully discussed in chapter 7, found a number of house mounds, all which were 
grouped on the western shore, directly at the large outcrop of beachrock used for quarrying. A reaso­
nable conclusion is that these mounds were the home of the people operating the quarry. The labour put 
into the construction of the mounds suggests that they were not inhabited on an ad hoc basis. This 
conclusion is supported by the fact that the quarry has evidence of a large number of slabs at all 
stages of completion, ranging from slabs whose outlines had just been pecked to fully quarried slabs
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Table 8.9: Frequency of slab size (length and width, all slabs, N=2815), expressed in natural measure­
ments (feet).
LENGTH WIDTH
Cumulative CumulativeSize N % % Size N % %
1 45 1.6 1.6 1 192 6.8 6.82 187 6.6 8.2 2 609 21.6 28.53 357 12.7 20.9 3 826 29.3 57.84 489 17.4 38.3 4 431 15.3 73.15 440 15.6 53.9 5 351 12.5 85.66 329 11.7 65.6 6 178 6.3 91.97 218 7.7 73.4 7 124 4.4 96.38 201 7.1 80.5 8 51 1.8 98.19 191 6.8 87.3 9 39 1.4 99.510 87 3.1 90.4 10 3 0.1 99.611 83 2.9 93.3 11 4 0.1 99.812 49 1.7 95.1 12 1 0.0 99.813 42 1.5 96.6 13 3 0.1 99.914 19 0.7 97.2 14 3 0.1 100.015 22 0.8 98.016 15 0.5 98.517 14 0.5 99.018 9 0.3 99.419 4 0.1 99.520 3 0.1 99.621 1 0.0 99.622 1 0.0 99.723 1 0.0 99.724 3 0.1 99.825 5 0.2 100.0
awaiting to be lifted out of their beds. Particularly the number of intact slabs completely quarried 
but left in place is especially suggestive of stockpiling. At the southern tip of the island, away 
from the quarry area, shifting sand (due to deflection of the current by a recently sunken ship) 
exposed and covered again a small pile of 4-5 small slabs, apparently awaiting shipment. By itself, 
this evidence could be explained as an order of slabs for a particular monument, which for some reason 
was not shipped. In context, however, it is more likely to denote stockpiling.
Another line of enquiry concentrates on the monuments. In order to assess whether standardised 
quarrying took place, the metric measurements of slabs at the monuments and at the quarries were 
transformed into ‘natural’ measurements, using the foot as the basis. For the purposes of this exer­
cise, I call the measurement of the longest side of a slab ‘length’ and that of the other side
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Table 8.10: Percentage distribution of slab sizes at Mu’a, Kanokupolu and Heketa.
S i z e
( f e e t ) Mai n
2 x 2 0 . 5 3
2 x 3 1 . 9 9
2 x 4 1 . 1 9
2 x 5 0 . 5 3
2 x 6 0 . 6 6
2 x 7 0 . 5 3
2 x 8 0 . 6 6
2 x 9 0 . 1 3
3 x 3 1 . 1 9
3 x 4 3 . 7 1
3 x 5 4 . 3 7
3 x 6 3 . 8 4
3 x 7 1 . 9 9
3 x 8 2 . 7 8
3 x 9 1 . 4 6
4 x 4 0 . 5 3
4 x 5 3 . 9 7
4 x 6 4 . 1 1
4 x 7 2 . 5 2
4 x 8 3 . 1 8
4 x 9 2 . 1 2
5 x 5  2 . 7 8
5 x 6  3 . 8 4
5 x 7  4 . 5 0
5 x 8  3 . 3 1
5 x 9  4 . 6 4
6 x 6  0 . 9 3
6 x 7  2 . 5 2
6 x 8  2 . 6 5
6 x 9  1 . 9 9
T e l e a  I n n e r  S ma l l
2 . 0 8 0 . 0 0 0 . 0 0
3 . 8 6 1 . 0 8 4 . 1 7
2 . 3 7 6 . 1 4 1 0 . 1 2
0 . 3 0 7 . 2 2 9 . 8 2
1 . 1 9 4 . 9 2 5 . 3 6
0 . 0 0 2 . 7 6 2 . 0 8
0 . 3 0 2 . 1 5 0 . 3 0
0 . 0 0 1 . 2 3 0 . 8 9
5 . 3 4 0 . 0 0 0 . 0 0
5 . 3 4 5 . 5 3 4 . 4 6
6 . 5 3 8 . 2 9 1 0 . 4 2
6 . 5 3 9 . 6 8 4 . 7 6
5 . 6 4 6 . 4 5 5 . 0 6
3 . 5 6 2 . 7 6 1 . 4 9
3 . 2 6 3 . 2 3 0 . 8 9
2 . 3 7
3 . 5 6  
2 . 9 7
1 . 7 8
3 . 8 6
3 . 8 6
0 . 0 0  
1 . 5 4  
4 . 3 0
2 . 1 5  
1 . 2 3  
0 . 7 7
0 . 0 0
2 . 9 8
3 . 8 7
2 . 0 8
2 . 0 8
0 . 6 0
1 . 4 8
0 . 5 9
0 . 8 9
1 . 7 8
2 . 3 7
0 . 0 0
1 . 2 3
1 . 2 3
1 . 2 3  
0 . 4 6
0 . 0 0
0 . 8 9
0 . 8 9
0 . 8 9
0 . 0 0
0 . 5 9
1 . 1 9
0 . 8 9
1 . 7 8
0 . 0 0
0 . 4 6
0 . 7 7
0 . 3 1
0 . 0 0
0 . 0 0
0. 00
0 . 0 0
= = = = = = =
Kano­
k u p o l u  Loamanu N o r t h  He k e t a
1 . 6 9  
6 . 7 7  
0 . 0 0
1 . 6 9  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0
6 . 7 8
2 2 . 0 3
1 . 6 9
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
2 2 . 0 3
1 5 . 2 5
5 . 0 8
3 . 3 9
3 . 3 9  
0 . 0 0
1 . 6 9
1 . 6 9
1 . 6 9  
0 . 0 0  
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0  
3 . 6 8  
7 . 8 9  
8 . 9 5
7 . 3 7  
0 . 5 3  
2 . 1 1  
0 . 0 0
0 . 0 0
5 . 2 6  
8 . 9 5  
3 . 6 8
5 . 2 6  
2 . 1 1  
2 . 1 1
0 . 0 0
4 . 2 1
5 . 2 6  
0 . 5 3
3 . 1 6  
1 . 0 5
0 . 0 0
3 . 1 6
3 . 1 6  
1 . 5 8  
1 . 0 5
0. 00
0 . 0 0
0 . 0 0
0 . 5 3
3 . 5 7  
7 . 7 4  
5 . 3 6  
2 . 9 8
2 . 3 8  
0 . 6 0  
0 . 0 0  
0 . 0 0
1 1 . 3 1  
7 . 1 4
1 1 . 3 1  
5 . 3 6
1 . 7 9
1 . 7 9  
0 . 6 0
1 . 7 9  
4 . 7 6
3 . 5 7
1 . 7 9  
0 . 6 0  
1 . 1 9
3 . 5 7
2 . 3 8
0 . 6 0
1 . 7 9
0 . 0 0
0 . 0 0
1 . 1 9
0 . 6 0
0 . 6 0
0 . 0 0  
5 . 4 7  
1 9 . 5 3  
2 3 . 8 3  
1 6 . 0 2  
4 . 69 
1 . 5 6  
0 . 3 9
0 . 0 0
3 . 9 1
4 . 6 9
1 . 1 7  
0 . 3 9  
0 . 7 8  
0 . 00
0 . 0 0
0 . 7 8
0 . 3 9
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 3 9
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
width’, regardless of the orientation of the slab. Because the slabs were not factory-produced, so 
that variations are likely as a result of the physical properties o f the rock and the human factor, 
all measurements were standardised: those between 1.51 feet and 2.50 feet were recoded as 2 feet, and 
so on. Table 8.10 shows the distribution of the slab size at various monument groups expressed in this 
way. It appears from the data that the stonemasons did not utilise standardised natural measurements 
for the cutting of a slab, such as 4 by 6 or 5 by 7 feet, but chose their sizes arbitrarily within 
certain parameters (2-3 by 3-6 feet).
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The exercise on the slab size at individual monuments presented in a previous section has shown that 
although there are a few extremely large stones, commonly placed in the centre of one side in some of 
the structures at Mu’a, such as TO-Mu-9, the stones used in any one structure are overall of the same 
general size. Despite this, however, statistically significant differences have been observed between 
slab size on what I call the display side of monuments and those oriented away from view (see chapter 
9 for elaboration of this point). In order to achieve this, the slabs must have been stockpiled at 
construction sites and the larger ones chosen for the display sides.
Thus, the assessment of the quarries and the analysis of the monuments themselves suggest that stones 
were stockpiled, both at the quarry and the construction site. Had slabs been made on order, neither 
stockpiles would have been necessary.
Parameters for the calculation
All this being so, we will have to generalise figures on transport and procurement for out labour 
calculations and these are discussed in detail in the context of Appendix 4. The slabs were quarried 
by pecking grooves through the wet beachrock to reach an underlying, softer layer (see Appendix 3 for 
detailed description). No observations on quarrying time exist, so values have been estimated. Water 
transport, with the slabs suspended underneath canoes (Homell 1926; see Appendix 4 for further 
details), was necessary to get the stones from offshore quarries to the mainland but will be ignored 
in this context of labour calculation. Land transport, however will not. Small slabs could be lifted 
on poles and carried by a team. Wooden planks and poles were used as sledges or rollers in the 
transport of larger slabs (c f McKern 1929:6; Singleton 1826, quoted in d’Urville 1835; Thomson 
1894:300-301). For the calculations I have assumed that transport was over water as far as feasible, 
and then over land. For this the distance to the nearest shore was used, together with labour figures 
obtained from ethnographic/experimental examples outside Tonga. Similarly, the labour calculations for 
soil procurement and transport are based on ethnographic/experimental parallels both from Tonga and 
beyond (see Appendix 4 for values). Even if these figures are incorrect, they establish comparability 
between monument groups.
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Figure 8.19: Stone architecture on Tongatapu. Plot of labour expenditure against social rank. All data 
sets. Social rank: 1 - Tu’ i Tonga ; 2 - Tu’i Tonga Fefine\ 3 - Ha’a Fale Fisi', 4 - Ha’a Takalaua ; 5 -
Ha’ a Moheofo (Tu i Kanokupolu).
Results
The total labour expenditure at any one site was calculated as the sum of the digging and transport of 
soil and the quarrying and land transport of slabs. The results of this exercise are set out in 
table 8.6. The labour input ranges from -13,000 person-days for a monument of the Loamanu Group to 
650,000 person days for langi TO-Mu-9.
Even if we assume the calculations to be 50% out, a figure of the magnitude of 325,000 person-days 
very clearly demonstrates the extent of power and resources the Tu’i Tonga was able to exert to 
marshal and maintain a sufficient number of people to accomplish the task.
A plot of labour expenditure against social class shows that the monuments of the Tu’i Tonga have by 
far the highest values (figure 8.19), thus confirming previous measures. Only five monuments distort 
the pattern. There are three langi of the Tu’i Tonga which have low labour figures and two monuments 
of the Fale Fisi which have comparatively high ones. If we exclude the Heketa monuments on chrono­
logical grounds, the two monuments of the Fale Fisi remain to be discussed (fig. 8.20). One is the
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Figure 8.20: Stone architecture on Tongatapu. Plot of labour expenditure against social rank, Heketa 
excluded. Note that almost all monuments other than those of the Tu’i Tonga represent less than 
100,000 person-days labour. Social rank: 1 - Tu’i Tonga ; 2 - Tu’i Tonga Fefine; 3 - Ha’a Fale Fisi', 4 
- Ha’a Takalaua ; 5 - Ha’a Moheofo {Tu’i Kanokupolu).
langi Namoala (TO-Mu-17), which featured as a special case earlier on in this chapter, where it was 
suggested that the Fale Fisi may have had a much more exalted societal position at the time the langi 
was built than in later times. The other Fale Fisi site is TO-Mu-18, which belongs to the Tu’i Lakepa. 
The reduction in labour input among the sites of the Fale Fisi, i.e. between langi Namoala (TO-Mu- 
17) and TO-Mu-18, and between TO-Mu-18 and TO-Mu-10, is in keeping with the model of a waning social 
(as opposed to societal) rank.
To sum up, the exercise on labour expenditure repeats the results of previous ranking procedures but 
highlights the difference between the Tu’i Tonga and all others. If we exclude the langi Namoala on 
the grounds argued earlier, then a clear-cut dichotomy exists between the langi of the Tu’i Tonga with 
250,000 or more person-days of labour, and those of the other ranks with less than 150,000, predomi­
nantly less than 100,000 of person-days labour expenditure. This difference between the classes, which 
is less strikingly expressed in the assessment by single parameters, such as stone weight and size, 
emphasises the exalted social rank of the Tu’ i Tonga.
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Table 8.11: The sites at Popua.
TO-Nu-36 TO-Nu-37 TO-Nu-38 TO-Nu-39
Site Type sia heu lupe sia heu lupe sia heu lupe 'esi
Soil type 
No. of roads 
Ramps
Stone pavement
garden soil 
2
nil
yes
sand
4
3
yes
sand
4
nil
no
sand
3
nil
no
Dimensions
Diameter (m) 30 34 28.5 22
Height m^) 0.7 1.8 0.7 1.2
Area (in ) ^ 706.8 907.9 637.9 380.1
Volume (nr ) 494.8 1634.3 446.5 456.2
Pit
Diameter (m) 8.8 6.3 5.7 no pit
Depth (m) 0.6 1.3 0.6 no pit
Coral limestone ^
Mound, volume (ra ) 21.8 63.5 26.9 27.4
Mound, weight (t) 41.4 + 4.4 120.6 + 12. 7 51.0 + 5.4 52.0+5.5
Pit , volume (nr) 5.5 8.5 — no pit
Pit , weight (t) ~ 10.5 + 1.1 16.5 + 1.7 — no pit
R & P, volume (nr) 0.7 36.2 — —
R & P, weight (t) 1.4 + 0.1 68.8 + 9.2 — —
Total weight (t) 53.3 + 5.6 205.6 + 21.6 51.0 + 5.4 52.0 + 5.5
Abbreviations: R & P - ramps and stone-filled stone-lined pits.
From the chronological perspective, the greater labour input into the langi at M u’a as compared to the 
monuments at Heketa, apart from the H a’amonga (see chapter 9), suggests growth in the power of the 
Tu’ i Tonga over time, with increasing ability to mobilise the lower classes to provide conscript 
labour (Tongan: fatongia).
STONE-FACED M ONUM ENTS
Stone architecture for high-ranking Tongans was not confined to residential and sepulchral 
architecture. I restrict my discussion to pigeon-snaring mounds (sia heu lupe), of which a number are 
known to the author on Tongatapu. Those at Popua, at the eastern end of the M a’ofanga peninsula, were 
the subject of particular attention during fieldwork and will be discussed in greater detail below. 
There are three examples at the mangrove-fringed northwestern shore near Fatai (sites TO-Fa-1, TO-Fa-
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4, TO-Fa-5), loosely arranged in a widely spaced row built on the mudflats. They are largely 
unfaced1 and reach a height of up to 5 m (TO-Fa-1). It is possible that some of them may have been 
used as 'esi. In the mangroves there are some raised walkways, apparently unconnected with the 
mounds. A pigeon mound is reported at Longoteme on the Inner Lagoon, but was not located.
Archaeologically, the pigeon mounds (see Appendix 3 for detailed description) are more or less circu­
lar platforms, 20-35m wide and 0.6-5m high, with a flat top. The characteristic feature is the central 
pit, circular in form and usually with stone-faced walls. While the diameter of the pit is fairly 
uniform, about 5-7m, its depth varies widely, from 0.25-1.3 m. Some of the sites have external ramps 
giving access to the top of the mound. Access to others must have been by climbing, or, more probably, 
by wooden steps or ladders. Note that while stone facing is not unusual, it is always with coral 
blocks and boulders, never with slabs. The same is true for the pigeon mounds of H a’apai.
The sia heu lupe at Popua
Description of the lay-out
The most spectacular sia heu lupe are those at Popua12), situated in the mangrove swamp behind the 
present-day settlement of Popua and the Nuku’alofa rubbish dump (figure 8.21). There are altogether 
four stone-faced platforms, three of them sia heu lupe, characterised by central depressions (sites 
TO-Nu-36, -37, -38). The fourth site (TO-Nu-39) lacks such a depression and is interpreted as an 'esi. 
While one sia heu lupe (TO-Nu-38) stands isolated near to the lagoonal shore, the other two of and the 
’esi form a monument complex 700m north of TO-Nu-38. The sites of this complex are interconnected by
11-> At the end of last century an artificial island square in plan was built off Fatai as a residence for the 
then Premier Tu’ivakano. It is possible that the stone used for this islet was obtained from the sia heu lupe.
 ^ Oral traditions about the mound group are sparse. Thomson (1092) and McKern (1929:26) recorded some mounds 
in the area, but his description does not tally with the sites recorded in 1987 (Spennemann 1987n). According to 
villagers interviewed by McKern (in 1920/21), the structure TO-Nu-1 (not located beyond doubt during my field­
work) is an ’esi named ‘Siamafuautai, or a sia heu lupe. The name ‘Sia-mafua-uta’ means ‘Shore [uta] mound of 
rising ground [ria] for the purpose of bounding rods, along the game called sika [mafua]' (Gifford 1923:200). 
The site is, according to Gifford (ibid.), near Holeva, a tract east of Ma’ofanga. Another mound, also at 
Holeva, is called ‘Siwmafuauta’, translatable, according to Gifford (1923:203), as ‘to seek sharks [riu] in a 
shoal of small fish [mafua] near the shore [uta]'. Another tradition claims that a site called ‘Siamofuauta' is 
also located near Holeva. It says that the 36th Tu’i Tonga Pau (or Paulaho; ca. 1740-1786) came to live at 
Tukutonga in order to supervise the construction of a causeway to Mu’a. The Tu’i Tonga Fefine Siamufiiauta (or 
Mufuauta) came to stay with him. To accommodate her he built the site in question as a paepae for her house 
(McKern 1929:19; Gifford 1923:200).
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Figure 8.21: Plan of the group of pigeon-snaring mounds (sia heu lupe) at Popua.
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Figure 8.21: Detail o f the group o f pigeon-snaring mounds (sia heu lupe) at Popua.
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Table 8.12: Individual lengths of raised walkways at Popua.
Site No. Length (m) Site No. Length (m)
TO-Nu-25 426 TO-Nu-31 30
TO-Nu-26 128 TO-Nu-32 65
TO-Nu-27 32 TO-Nu-33 95
TO-Nu-28 350 TO-Nu-34 16
TO-Nu-29 29 TO-Nu-35 50
TO-Nu-30 120 TO-Nu-40 243
an elaborate system of raised walkways (figure 8.22).13) Access from these roads to the top of a 
platform was probably by wooden ladder or by climbing the stones. One of the sites (TO-Mu-37), 
however, has ramps for access. Some of the walkways also lead to natural islands of vegetation, which 
are slightly higher and thus drier than the mangrove area. A total of at least 1584 m of raised 
walkways was constructed, connecting the sites with each other, with the islands of vegetation and 
with the firm ground east and west of the mound group. A raised walkway consists of two roughly 
parallel rows of curbing stones, which are coral stones, blocks and boulders. The space between is 
filled with sand and dried mud and sometimes surfaced with coral rubble and small coral stones.
Construction and dating
Three of the four sites in the Popua area (TO-Nu-37, -38 and -39) are constructed of a fill of coral 
sand and mud quarried from a ditch surrounding each site. One of them (TO-Nu-38) has been partially 
dug away by tenants for fill. The exposed stratigraphy (figure A3.13, Appendix 3) shows that a -0.6m- 
thick layer of large chunks of live coral had been piled on the mangrove mud and a 0.1-0.15m-thick 
layer of staghorn coral (Acropora) placed on top. This layer was covered with 0.4 to 0.5m of lagoonal 
sand and mud. The fourth site (TO-Nu-36) consists of topsoil, which must originate from the mainland 
somewhere nearby.
13}
'  According to the site recording system adopted for Tonga, these walkways have been given site 
designations. A stretch o f walkway thus numbered ends at an intersection with another road or at its destination.
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Several valves of Gafrarium tumidum were recovered from the lagoonal mud on top of the Acropora layer 
of TO-Nu-38. Since both valves of individual shells were present and closed, it is assumed that the 
shells were alive when they were piled on top of the Acropora layer as part of the fill and so 
contemporary with the construction of the sia heu lupe. The 14C date of the shells is 880 + 60 BP* 
(WK-1417; AD 1166, l a  AD1039-1225).
Labour investment
The total amount of labour invested is quite impressive (for details see Spennemann 1987n). A total of 
3823.8 m3 of fill was built into the Popua mounds and walkways. Of this, 3329 m3 came directly from 
the surrounding terrain and therefore posed no major logistic problem. The 494.8 m3 of topsoil at 
site TO-Nu-36 had to be brought from dry land at least 250 m away. The labour needed for this trans­
port is not included in the labour (person-day) calculations presented in table 8.13 (based on the 
usual parameters, as spelled out in Appendix 4). The same applies to the 240 m3 of coral limestone for 
the walling and the curbing, which had, at best, to be brought from somewhere between the sites and 
the shore; coral outcrops exist in the vicinity, within a radius of 500 m. Although most of the stones 
could have been carried by a single person, and none of them exceeds the carrying capacity of two 
people, the transport of 457 metric tons of coral is still a tedious affair. On average, 388 person- 
days would have been spent on the construction of one of the platforms at Popua. In total, the mounds 
and raised walkways at Popua represent at least 1869 person-days of work (plus the time needed to 
transport the stones; for calculation details see Spennemann 1987n). This figure is not high when com­
pared with the amount of labour invested in the construction of the Ha’amonga-’a-Maui (c/. Spennemann 
1987m; see chapter 9) or the langi at Mu’a (see above). On the other hand, for a new construction 
phase on a settlement mound, assuming an average diameter of 20m and an average height of fill of 
0.5m, some 156m3 of soil would be removed from the quarry ditch around the mound, representing 78 
person-days of work.
The values are sufficient to show archaeologically what traditional and European authorities say, that 
these were constructions for high-ranking people. The date of TO-Mu-38 falls into the period when 
massive structures were being built at Heketa and Mu’a (see chapter 9).
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Table 8.13: Labour expenditure on stone walls and fill at the Popua sites.
Stone wall construction Soil fill
A r e a  of Labour
Site facing (nr) p e rson-days baskets person-days
TO-Nu-3 6 84.9 42.4 494.8 49,480 247.4 *1)
TO-Nu-37 327.9 163.9 1634.3 163,430 653.7
TO-Nu-38 81.5 40.8 446.5 44,650 178.6
T O - N u - 3 9 83.0 41.5 456.2 45,620 182.5
Notes: *1) - transport over long distances not included; see text.
DISCUSSION
While the review just concluded has abundantly confirmed from the archaeological evidence the high- 
ranking nature of the all types of stone-faced monument, both in terms of size and labour investment, 
the slab-faced sites of Mu’a have also nicely disclosed the complexity of Tongan society with 
all its contradictions, namely the intercutting planes of societal and social rank. As detailed in 
Appendix 1, the political consequences of the fahu principle (older outranks younger, female outranks 
male) affect chiefly lines, with the exception of the Tu’i Tonga. Whereas the Tu’i Tonga Fefine is 
fahu towards the Tu’i Tonga, the latter holds the political power. The offspring of the Tu’i Tonga, 
and not that of his sister, forms the next generation of rulers and thus holds the highest societal rank, 
although of lesser social rank than the sister’s offspring. This distinction is reflected in 
the burial structures: those of the Tu’i Tonga are much larger than those of Tu’i Tonga Fefine, 
although both belong to the Ha’a Tu’i Tonga and the Tu’i Tonga Fefine has a higher social rank. Thus 
it appears that the structures reflect societal rank, as proposed by Tainter and Cordy (1973; 1976; 
Tainter & Cordy 1977; Cordy 1981; but note their different terminology; see also footnote 4). In the 
same way the Kanokupolu monument is larger than many of the monuments belonging to the Tu’i Tonga 
Fefine and the Tu’i Ha’atakalaua, thus again indicating higher societal rank.
The sites reviewed reflect a hierarchical system already in place, however, since they start with 
Heketa, which is already associated with the highest-ranking Tu’i Tonga. Using the fact that beachrock 
slabs are the hallmark of sites of high status, it was possible that the history of their use might be
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the best path to investigating the history of hierarchy. Two archaeological aspects of the slabs can 
be used for this purpose: the sites of use and the sites of procurement.14)
The sites of use
Besides the concentrations of slab-faced monuments on Tongatapu at Heketa, ’Afa,M u’aand Kanokupolu, 
on which we have concentrated, there is also a scattering of stone slabs elsewhere, but on a consider­
ably smaller scale. Poulsen records a ‘coral limestone’ slab at site TO-Pe-4 (his site To.4), a burial 
mound at Ha’ateiho (1987:1 30) and another on a large mound (TO-Pe-41) near TO-Pe-5 (his site To.5) 
(1987:132); both fall in my Ha’ateiho transect (chapter 6). In addition to these, we have a slab-faced 
buri al mound with slab-built burial chamber onMakaha ’ a, recorded by Golson (1957, fieldnotes). A similar lar 
site, although without slab facing, was excavated by McKern (1929:108-109) on Motutapu Islet (TO-Mi-2).
In the field, however, there seemed to be no means of predicting how other examples might be 
systematically looked for by way of fieldwork and if there had been, whether these might be early, 
i.e. steps on the way to hierarchy, or later, i.e. reflections or imitations of it.
Two adventitious occurrences provided opportunity for dating of high-status monuments, but both proved 
to fall within the era covered by the developed monumental constructions already described (for dating 
of these latter see chapter 9). One, a pigeon-mound at Popua (TO-Nu-38), has already been mentioned. 
It dates to middle of the 12th century AD (WK-1417; 1360 + 60BP*; AD 1166; lo  AD 1039-1225).
The other is the slab-faced burial mound seen by Golson in 1957 on Makaha’a, which has subsequently 
been washed away by the sea, leaving the slab-built burial vault on the beach (figures A3.8 & A3.9). 
During the survey in 1986 several human bones, presumably from the collapsed chamber, were found along 
the shoreline. One bone was wedged underneath one of the slabs of the chamber. A 14C date on human 
collagen from this bone returned an age of the late 13th century AD (ANU-5716; 690 + 180 BP*; AD 1281; 
l a  AD 1170-1420). This date provides either a terminus ad quern, if the bone derives from the initial 
interment, or a terminus ante quern, if it belongs to a secondary burial in the chamber.
14^  Ideally, one would date the slabs directly, given the sometimes rapid formation of the raw material. Dating 
beachrock is, however, fraught with problems, as has been pointed out by Hopley (1986).
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The sites of procurement
As we have seen in a previous section, beachrock quarry sites are present on the mainland of Tongatapu 
and on the offshore islands. The detailed study of Pangaimotu provided the information presented there 
on quarrying techniques and procedures (see also Appendix 3). A significant feature of these sites on 
the offshore islets is the number of shell adzes that have been, and can still be, collected at them. 
Indeed, most of the shell adzes which I have seen in collections seem to derive from such sources.15) 
Examples reported from elsewhere invariably derive from islands on which quarries are known, such as 
the whole and broken specimens sold at a stall in the Nuku’alofa market, which the dealer gets from a 
quarry site on his home island of H a’ano in the H a’apai Group. There is also the evidence of 
manufacturing waste; the entire southeastern shore of M akaha’a (literally ‘source of the stone[s]’) is 
littered with it, and Golson (1957:8) reports the same for the shore o f ’Onevao. The associations are 
so strong that I propose that shell adzes were the prime quarrying tools, rather than, as widely assu­
med 0cf. M cKern 1929:5), stone adzes16) Although shell adzes are of softer material and become blunt 
more quickly, the same property allows for easier resharpening.
During fieldwork specific attention was paid to Pangaimotu as a locus of extensive beachrock procure­
ment and the closest to the Tongatapu ‘market’. In addition, as the site survey of the island described 
in chapter 7 makes clear, though it has a small land area (22.3 ha), it has a density of mounds much 
higher than that anywhere else (44.84 per km2 as compared to the next highest density o f 38.3 at Beulah 
and the average for Tongatapu of 15.6), hardly justified in terms of agricultural potential, since it 
is constituted entirely of sand. Moreover, all the mounds are concentrated at the western shore, above 
the beachrock quarry. It is reasonable to think, as has been said before, that the mounds belonged to 
those who operated the quarry. From the input of labour into mound construction and the evidence of
15^  This constrasts strikingly with the distribution of stone adzes which shows no marked difference between 
mainland Tongatapu and the offshore islets.
16^  The quarrying technique observed by Labillardiere (1800: II 152-153) on Pangaimotu in 1793, already cited, 
involved volcanic pebbles as hammer stones. We might from this expect a large number of broken volcanic pebbles 
and pebble splinters in the vicinity of quarries. However, cooking also took place in the same vicinity, so that 
oven stones will be present. The type of fracture allows us to distinguish between heat and percussion. The vol­
canic stones seen by me near the quarries at Pangaimotu, Makaha’a and Fafa appeared to be heat-cracked.
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quarrying procedures, including the stockpile of slabs at the southern end of the island, I have ear­
lier argued that the quarry specialists are likely to have proceeded on a fairly full-time basis.
The excavations at the mound complex, described in chapter 7, certainly show a continuity of use of 
the habitation mounds and thus, I argue, of quarrying. Mound construction begins perhaps as early as 
the early 5th century AD, while the evidence for habitation on the island goes back to the first cen­
tury AD, as documented by an oven underlying mound TO-Pi-6 and a habitation layer at TO-Pi-7 (see 
chapter 7 for details). If, as has been argued in chapter 6, house mounds are a mark of chiefly 
status, this fits in well with the indications of oral traditions relating to the Tongan Classic 
Period, that stone slabs were quarried and shaped by the tufunga ta maka, a class o f stone-cutting 
specialists belonging to either o f the societal classes Mu’a and Tua (see Appendix 1). According to 
M ariner (Martin 1817:11 96; 1827: 265;306), the tufunga ta maka were a hereditary class, the father 
handing on the job to his son. According to Gifford (1929:197), the title of the matapule responsible 
for supervising the cutting and moving of the stones was Mailau.
At one o f the house mounds (TO-Pi-5; see Excavation Report 24) a pit had been dug from one of the house 
floors, IV or V. The pit contained two half-finished shell adzes, made from large Tridacna ?maxima 
shells, reduced to the thick part of the hinge section and roughly pre-shaped.17) Their interest is, 
of course, that they may represent the tools of quarrying in the course of manufacture, cached perhaps 
to prevent appropriation by a higher-ranking member of the (?extended) family. There is another lump 
of Tridacna, possibly worked, from TO-Pi-5; a shell adze from TO-Pi-3; and two shell adzes from TO-Pi- 
13, one o f them the sole specimen made from the dorsal part of the shell, together with Tridacna waste
17) The half-products were resting in apparent anatomical position in the pit. Initially the valves were 
thought to belong to the same shell, put in the pit to promote the rotting of the very strong hinge ligaments. 
However, subsequent examination showed that they are unlikely to belong together. The state of preparation of 
the two valves is different While the specimen found underneath is only a very rough preform, the specimen 
found on top is well shaped, though not ground Based on these two specimens, as well as on production refuse 
found on Makaha’a and during the excavations on Pangaimotu, it seems that the production of a Tridacna shell 
adze from the hinge section takes place in the following stages:
• a valve is selected and the mantle is reduced to the hinge
• the umbo is smashed off
• the hinge section is flaked into shape
• the flaked hinge section is shaped further by pecking
• the shaped and pecked hinge section is ground.
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and a Tridacna ball (sling shot?). The neck fragment of a sole stone adze was found on the surface 
unassociated with any site. One of the two presumed unfinished quarrying adzes from the pit in house 
mound TO-Pi-5 has been dated to the 5th century AD (ANU-5426; 1630 + 60 BP*, AD 416; l a  347-447). The 
possibility of the use of a fossil Tridacna shell is rejected on the grounds that neither erosion nor 
colonisation by barnacles and the like has occurred on the interior of the shell {cf. Excavation 
Report 24). Given the anticipated size of the shell and the age-size data of Tongan tridacnids (McKoy 
1984), we can safely conclude that the manufacture of the adze dates to the 5th century AD (see also 
chapter 7 for discussion of date).
Dating the origins of stone architecture
Good circumstantial evidence suggests that the quarrying of beachrock slabs goes back as far as the 
5th century AD, which is more or less the same epoch as the firm evidence for house-mound building in 
general. Thus there are early indications of social differentiation by two lines of enquiry. However, 
the origins of hierarchy cannot be picked up. Archaeological expression is sudden in form of stone 
architecture at the monument concentration at Heketa, which cannot be dated, except genealogically. We 
shall approach the question of hierarchy in a different way in the next chapter.
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CHAPTER 9
POLITICAL CENTRES IN SPACE AND TIME
Hierarchy in Tonga had its political expression in the royal centres whose individual monuments 
have been the object of attention in the previous chapter and whose overall character it is the purpose 
of this chapter to discuss. I shall do this in a developmental framework, though the chronology is 
almost entirely based on traditional sources. The aim is to into look the origins and growth of centra­
lised authority and the challenges to it, particularly in the final century before major European im­
pact began. Evidence from the period of impact, particularly the fortifications erected in the Civil 
Wars (1799-1852) which coincided with it, will be used to suggest why long-established authority was 
under threat.
DESCRIPTION OF THE POLITICAL CENTRES
Various political centres have existed in Tongan history. Oral traditions (c f Gifford 1924; 1929) 
record the succession of capital places: Toloa in the southeast, Heketa in the northeast, Mu’a at the 
eastern shore of the lagoon, with some alternative indication of Niutao/Maka’unga as a capital place 
after Heketa and before Mu’a. I examine the archaeological record of these places in turn. Nuku’alofa, 
at the northern shore of the island, became the modem capital as a result of events during the period 
of sustained European contact during the 19th century. This followed on the late emergence of 
Kanokupolu as a political centre in the western region of Tongatapu somewhat independent of Mu’a, and 
I look at the archaeological evidence of them also.
Toloa
Toloa, the traditional site of the first capital and seat of the court of the Tu’i Tonga (Gifford 
1929:52), is the area around Tupou College and the International Airport at Fua’amotu, but the 
exact location is unknown and cannot be archaeologically established, at least on present evidence.
The discussion of the distribution of earth mounds on Tongatapu in chapter 6 established that their 
highest concentration occurs in the southeast of the island, of which Toloa is a part. While the Toloa 
area has not been examined in great detail in a coherent manner, three large blocks have been sur-
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veyed: in 1963 Poulsen (fieldnotes) did a reconnaissance of the grounds of Tupou College (figure 9.1); 
in 1986 I surveyed the area around the Airport (figure 9.2; Spennemann 19861) and in 1987 I did some 
survey at Beulah College northeast of Tupou College. In all cases a high concentration of mounds was 
noted, highest at Beulah and Toloa, less in the vicinity of the airport (see table 6.1).
The discussion of the mounds in chapter 6 has suggested that house mounds, whose construction 
began at least by the early 5th century AD, are likely to have been built for the middle and upper 
ranks of Tongan society. The size of the mounds does not in itself appear to be a reflection of rank. 
The testing of one of the large mounds at Beulah (see Excavation Report 9) showed that size here was 
due to the large number (13) of superimposed construction horizons and house floors it contained. This 
testifies to some continuity of habitation on one spot and it could be that it is in this factor that 
we should seek the expression of higher rank.
There is little evidence for the use of beachrock slabs in the area, such as is a known marker of sta­
tus in later times and for which chapter 8 has suggested a possible antiquity back to the early 5th 
century AD. None of the mounds seen was slab-faced. It is possible, of course, that there are slab- 
built chambers in burial mounds in the area. During the construction of the first runway of the Fua’a- 
motu airfield in 1939 the New Zealand engineers destroyed a number of mounds (cf. Spennemann 
1986i:12). According to one participant1^ , some of them were burial mounds, with burials in coral 
sand. No slab-built chambers are mentioned, as they surely would have been, had they been present. On 
the other hand, McKern (1929:42-43) describes a mound group in the vicinity of Fua’amotu, where one 
had loose coral ‘sandstone’ slabs strewn about its surface and margins. These are interpreted by 
McKern as apparent refuse from stone dressing, supporting the opinion that there are stone vaults in 
some of the mounds. One of them is a langi, Makamaka, where a Tu’ i Tonga Fefine is said to be buried. 
However, this and a neighbouring mound had associated borrow ditches with a surviving depth of 0.9- 
1.8m, which suggest that they are not very old.
^ H.O.Wright, Auckland. Deposition made to B.McFadgen, then of the National Museum of New Zealand, 
Wellington, during July 1966. See also letter written by B.McFadgen to J.Davidson, 19-7-1966, National 
Museum of New Zealand, Ref.No E/42/66.
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Figure 9.1: Plan of the mounds at Tupou college at Toloa (after Poulsen, fieldnotes).
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Figure 9.2: Plan of the mounds at Fua’amotu International Airport (after Spennemann 19861).
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We can thus conclude that if there is a first capital place somewhere in the Toloa area, it consisted 
of a conglomeration of earthen mounds, which may have had retaining walls of wood, like those reported 
for some mounds at the time of early European contact.
Heketa
According to the traditions, the capital and seat of the court of the Tu’ i Tonga was then moved to 
Heketa at the northeastern shore of Tongatapu. This move is said to have taken place during the reign 
of the 10th Tu’i Tonga, Momo, or that of his predecessor, Tu’i Tonga ’Afulunga (Gifford 1929:52).2)
Heketa contrasts strikingly with Toloa in its rich architecture in stone. It comprises (figure 9.3) 
nine monuments faced with beachrock slabs, one langi and eight low platforms (paepae) traditionally 
said to be for houses. In addition, there is the Ha’amonga-’a-Maui, a large stone gateway. Much of the 
area was covered in thick bush at the time of fieldwork and most monuments could not be investigated 
in detail: the slabs were often only visible for about 0.15-0.2m in height. All sites, except for the 
three-tiered structure (langi Heketa), were paved with coral rubble, probably gathered at one of the 
very small pocket beaches at the nearby shore. A stretch of sunken road (TO-Nt-52) leads to the Ha’a- 
monga. The Ha’amonga itself is discussed in greater detail than the other monuments, as it is by far 
the most impressive of Tongan stone structures and its sheer size has implications for the logistic 
capabilities of the early Tongan rulers.
The Ha’amonga-’a-Maui
The Ha’amonga (site TO-Nt-4) consists of two upright pillars of coral limestone and a connecting 
lintel of beachrock mortised into the tops of the upright stones (fig. 9.3 and 9.4).3) The Ha’amonga 
opens north and south and the lintel is oriented exactly east-west. All three stones are carefully 
dressed and the comers between the sides carefully cut, as far as the porous material permits. The 
entire structure has a marked tilt to the north. The vertical square-cut mortise at the top of the
For a list of the Tu’i Tonga see Appendix 1, table Al.l.
3-) Measurements: western upright: 5.1 m high, 4.2. m wide at base, 3.6 m wide at top, 1.3 m in average 
thickness: eastern upright: 4.6 m high, 4 m wide at base, 3.4 m wide at top, 1.3 m in average thickness; 
lintel: 5.7 m long, 1.3 m wide and 0.6 m thick. The interval between the uprights measures 3.7 m.
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uprights has sufficient width to allow the lintel to slip in edgewise with several centimeters of play 
on either side, and sufficient depth that the lintel is level with the tops of the uprights.
The limestone used for the two uprights is different: whereas the western upright has a pitted 
surface, the surfaces of the eastern upright are smoother. It seems that the western upright was 
either cut at a different source, or perhaps from an eroded piece of limestone, for example from the 
top of the exposed reef platform at the shore north of Heketa.
Much has been speculated about the overall weight of the stones of the Ha’amonga, since this gives some 
insight into the technical capabilities of Tongan culture at the time. The estimates range from a total 
weight of 35 tons (public notice at the Ha’amonga) to 30 to 40 tons for each upright (McKern 1929:64). 
Applying a volume/weight ratio4) for coral limestone of 1.9 ± 0.2 t/m3, the visible portion of the wes­
tern upright weighs 49.13 ± 5.17 tonnes and that of the eastern upright 42.03 ± 4.43 tonnes. Since ex­
cavations have revealed that the monument reaches at least 0.9m into the ground (see below), the wes­
tern upright weighs over 58.76 (± 6.18) tonnes and the eastern upright over 51.12 (± 5.39) tonnes. The 
lintel of beachrock weighs a mere 8.45 ± 0.89 tonnes.5) The total weight of stone used for the erection 
of the Ha’amonga is therefore over 118 tonnes (± 12.5 tonnes).
The calculation of the manpower needed for the erection of the individual uprights of the Ha’amonga 
rests both on ethnographic observations and modem experiments (Atkinson 1956; Stone 1924; Coles 
1973; Heyerdahl 1958; Skjplsvold 1961; Heizer 1966; see also Appendix 4). The values used for drag­
ging a stone on a wooden sledge were 16-22 men per ton of weight over a distance of 1 km per day. 
Applying the figure of 16 (22) men to the western upright, about 950 ± 100 (1300 ± 150) men were 
needed, which is equivalent of 11-45% (15-62%) of the able-bodied male population of Tongatapu at the 
time, depending on the population estimate used (see chapter 5).6) This figure does not take into
As determined by the German Foreshore Protection Project; pers. comm. L.Fischer, supervising engineer.
Using the same weight to volume ratio as for coral, as advised by Fischer.
6) This is based on the assumption that at the time of the erection of the monument the population of 
Tongatapu had stabilised and was as large as 12,000 (25,000) individuals (for discussion of these figures see 
chapter 5). On the assumption of a normal age distribution of the population with about 35% able-bodied men
(continued on next page)
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Figure 9.3: Location map of the individual sites in the Ha’amonga monument group, Tongatapu.
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Figure 9.4: The Ha’amonga-’a-Maui as seen from the southwest.
Figure 9.5: Plan of the Ha’amonga-’a-Maui (after McKern 1929).
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account the fact that these people needed to be fed for the time of the exercise.
A tradition cited by Tamale* 7) claims that the stones were quarried at the cliff face on the shore just 
north of the Ha’amonga, which, considering the material and the overall size and weight of the stones, 
is highly likely. To date the quarrying site has not been identified beyond reasonable doubt.8)
Excavations were undertaken by McKern (1929:64) in 1920/21 and by Tongilava (pers. comm.) in the 1950s 
to determine how deep the uprights were sunk down. Tongilava says that one them extended at least ‘3 
feet’ into the ground and then into mortises reaching into the coral limestone bedrock. The space bet­
ween the upright and the walls of the mortise was filled with small limestone chips.
Dating of the Ha’amonga rests entirely on the dating of the reign of the 11th Tu’i Tonga, Tu’itatui, 
who according to the traditions was the builder of the monument9) Opinions on this matter are 
widely divergent: in the early part of the 11th century AD (McKern 1929:65), the 12th century (Wood 
1978:6), the late 12th or early 13th century (Gifford 1929:51; Wemhardt 1976:18) and the 14th century 
(Thomson 1902:83). All these estimates rely on a genealogical list of Tu’i Tonga and on the length of 
the generation granted for each. Traditions say that people from Tonga, Rotuma, Futuna, ’Uvea, Niuato- 
putapu, Niuafo’ou and Samoa shared the labour (Rutherford et al. 1977:53).10)
(Contined from previous page)
between 15 and 60 years of age, 45 ± 5% (11± 1%) of all able-bodied men on Tongatapu took part in the erection
of the Ha’amonga if the team consisted of 950 ±100 people. Using the ratio of 22 men/ton we need 1300 ±1 5 0
men, which is equivalent of62±7%(15±  2%) of the able-bodied male population.
7) The same tradition describes the method of construction of the Ha’amonga. It was told by the late Tamale of 
Ha’ameniuli and is published by McKern (1929:65)
8) One likely spot was seen in 1987. The shore in the vicinity is a steep coral-limestone cliff, 2-3m high, 
with a distinct wave-cut notch at the level of present high tide. This notch is missing for a length of about 15 
metres. Here the limestone drops vertically to the sea and the top of the cliff shows an oblong hollow (cut-out 
?), about 4 to 5m wide, 15 m long and approximately 1.5 m deep. Inspection showed that this could not have 
happened due to the collapse of an undercut reef platform. In addition, no loose coral limestone boulders were 
foundhere,whereassuchbouldersarecommonatplaceswheretheundercutplatformhascollapsed.Furthermore, 
while the surface of the hollow is heavily eroded, it is not as badly eroded as that of the surrounding area.
9) Traditions claim that the Tit’ i Tonga Tu’itatui ordered the building of the Ha’amonga by his sons, Talatama 
and Tala-’i-Ha’apepe,inhis honour. One upright was prepared by eachofthem and the lintel by both, thereby 
demonstrating unity (Gifford 1924:447; Rutherforder al. 1977:33). One tradition says that Tu’itatui did not 
live to see the Ha’amonga finished (Rutherford et al. 1977:33).
10) (see next page).
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Figure 9.6: Location of map of the individual sites in the Ha’amonga monument group,
Tongatapu. Interpretation of lay-out.
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The ’esi Makafakinanga and langi Heketa
The ’esi Makafakinanga (TO-Nt-9) is a low rectangular mound with a convex top, faced with 
slabs of beachrock. On top of the mound is a large upright piece of coral limestone, 1.9 m wide and 
2.5 m high, weighing over 4 tons (McKern 1929:17-18; Spennemann 1987m). According to one oral tradi­
tion, this stone slab was used by the Tu’i Tonga to lean against and protect his back against assassi­
nation from behind, hence its name Makafakinanga (‘stone to lean against’)- The mound is believed to 
have been built by the Tu’i Tonga T u ’itatui, who is said to have held court while leaning against the 
stone (Rutherford et al. 1977:33).
The langi Heketa (TO-Nt-lO) is a three-tiered langi of slightly trapezoidal shape, 1.5m high. Mea­
suring 24m by 16.5m, it is faced with beachrock slabs. There is no surface evidence for any burial 
vault .1 A one-tiered paepae (TO-Nt-11) abuts the northwestern comer of the langi, 0.5 m high and 
measuring 32.5 by 19.5 m in horizontal dimensions. Traditions say that on top o f this platform there 
was a house in which a matapule lived, who acted as caretaker or guardian of the grave. A stone house 
with four posts is said to have been erected on top of the langi, facing the south (McKern 1929:38- 
39): a fragment of worked beachrock has been found on the langi, thought to be an end piece of a stone 
beam used for the construction of such houses (ibid.).12)
' This catalogue may refer to the extent of the Tongan sphere of overseas influence at the time and 
thus would refer metaphorically to the islands which were obliged to send offerings to Tongatapu, possibly also 
provide conscript labour. It is possible, however, that it is an apocryphal tale spun at a much later period to 
glorify the feats of the early Tu’i Tonga.
11-) Fatafehi, the daughter of the Tu’i Tonga Tu’itatui and the first female member of the family to bear 
that name, is said to be buried there. Some traditions say that the Tu’i Tonga Tu’itatui himself is buried there 
as well (McKern 1929:39; Bott & Tavi 1982:92). This, however, is contradicted by other traditions claiming that 
Tu’itatui is either buried in Malapo or in the sand around the Ha’amonga. Gifford (1929:53) states that the 
skull of Tu’itatui is believed to have been excavated at the Ha’amonga in the 1920s. The exact location of the 
findspot is not stated. The identification of the skull rests on the particular headform (not specified). No 
further details are known and the present whereabouts of the skull in question are also unknown.
12)
The present whereabouts of this stone fragment are unknown. During 1987 a piece of beachrock of square 
cross-section, measuring 0.2 x 0.2 x ~0.5 m, was found on the adjacent structure, TO-Nt-11. This piece 
resembles a stone pillar and is consistent with the idea of a stone house. The piece is now kept at the Tongan 
National Centre, Nuku’alofa.
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Lay-out of the capital
The actual plan of the monuments is shown in figure 9.3, while figure 9.6 shows a tentative recons­
truction o f the lay-out o f the capital. As can be seen, a large gap exists between the H a’amonga and 
the ’esi Makafakinanga. If we interpret the H a’amonga as a gateway 13\  an explanation strongly suppor­
ted by the road (TO-Nt-52) which leads up to it, then we can expect that every visitor to the royal 
compound passing through the H a’amonga would have entered a grassy open space, a mala’e14) and faced 
the Makafakinanga. This lay-out is in keeping with the descriptions of ‘normal’ chiefly places by 
early European visitors (chapter 6). We can expect that the mala’ e would have been bordered by trees 
providing shade, possibly toa trees (Casuarina equisetifolia). The large platform behind the Makafa­
kinanga would have been the site of a large house, either the fale  of the Tu’i Tonga or the kava 
house. The houses of the wife (wives) of the Tu’i Tonga and of other high-ranking people of the court 
would have stood on the other platforms.15) The dwellings of the retainers need to be imagined to the 
sides o f the main area. We can expect that the compound was fenced in and that the fence reached from 
the H a’amonga to the sea.
If we consider the lay-out as reconstructed, two points are worth stressing. Firstly, Heketa is a 
‘norm al’ chiefly compound, but executed on a grandiose scale and with monumental materials. Secondly 
two types of monuments are present, both residential and sepulchral.
13) Various other interpretations have been put forward to explain the function of the Ha’amonga-’a-Maui. It has 
been interpreted as: grandstand-like elevated stone to sit upon because Tui Tonga Tu’itatui feared assassina­
tion (tradition recorded by Thomson 1902:82); a memorial stone for the son of some Tu’i Tonga (reported by 
Revd. Shirley Baker and also mentioned by Thomson 1902:82); a part of the children’s game kopai kolo (suggested 
by the late Prince Tungi, Prince Consort of the late Queen Salote Tupou III and reported by McKern 1929:65-66). 
The most popular interpretation sees the Ha’amonga as a solar observatory. McKern (1929:64) notes that ‘the cen­
tral upper surface of the lintel is marked by a shallow depression of small diameter, smoothly regular in out­
line and obviously artificial’. According to one tradition (ibid. 66) the mark was cut long after the building 
of the monument This depression was interpreted by H.M.King Taufa’ahau Tupou IV as a marking to determine the 
solar equinoxes of the summer and winter solstices (Marden 1968:365). Today, however, the entire lintel has been 
vandalized and so covered with graffiti that the mark cannot be recognized at ah.
14^  Note that mala’e in this context is not a burial place.
15^  Tne platforms are known traditionally as paepae, platforms for houses. They are certainly too low to contain 
any slab-built vault erected at ground level, as is presumably the case in the langi Heketa, where the monument 
has a considerable elevation above ground.
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Figure 9.7:
Map of Tongatapu showing the location of capital places and monuments discussed in this chapter. 
The shift of the capital to Mu’a
Traditions say that the capital was removed from Heketa to Mu’a by the son of Tu’itatui, the Tu’i 
Tonga Talatama (Rutherford et al. 1977:33; Bott & Tavi 1982:94). The reason given in one tradition, 
that his sister, the Tu’i Tonga Fefine Fatafehi, could not endure the sound of the waves constantly 
beating on the reef, is descriptive of the actual situation: the beach at Heketa is called ’Utulon- 
goa’a, noisy rocks (Gifford 1923:242). In another tradition, recorded in numerous versions (Gifford 
1924:30; 46-47), it is said that Tu’itatui’s sons Talatama and Tala-’i-Ha’apepe moved the capital to 
Fangalonganoa (quiet shore) near Mu’a, because they feared their canoes might get wrecked by the rough 
and heavy seas at Heketa. The reason for moving the court from Heketa to Mu’a is quite likely con­
tained in these traditions, being the need to have a capital at a location which permitted the safe 
anchorage of canoes.
Chapter 9: Political centres in space and time «452
Between Heketa and Mu’a
In addition to this established tradition on the shift of the capital, there is one which claims that an 
interim (?) capital existed at Niutao, halfway between Heketa and Mu’a. Before I discuss the rich 
archaeological evidence of Mu’a, I consider this possibility of a capital place between Heketa and 
Mu’a, as there are several archaeological monuments which might provide the evidence.
Niutao/Maka’unga
The tradition in question16) claims that Tu’itatui shifted his residence from Heketa to Niutao 
Point17), the westernmost point of the eastern part of Tongatapu, just inside the entrance of the 
Fanga ’Uta Lagoon and thus in a more sheltered environment than Heketa. Besides one langi (langi Lolo- 
telie)18), three unfaced (?) mounds named Kolotolu (literally ‘three villages’), all located between 
Navutoka and Niutao Point, are said to be associated with the reign of Tu’itatui.
The most important site in this context, however, is langi Tamatou, which is situated near Maka’unga 
some distance north of Mu’a (McKern 1929:55). In this langi the 13th Tu’i Tonga, Niu-koe-Tamatou, a 
wooden dummy, is said to have been buried, the use of a wooden dummy making possible the succession of 
power from the childless 12th Tu’i Tonga Talatama to his brother Tala-’i-Hapepe. Tradition claims 
that no human remains were buried there. Interestingly enough, excavations at the langi by McKern 
(1929:113) failed to find any evidence for a burial vault and the big pocket of white coral sand en­
countered in the centre of the langi was empty. Generally, conditions for the preservation of bone in 
coral sand are very good, so that bones, but not wood, would have survived if they had been present.
The monuments at ’Afa
In addition to these monuments which would fit into the concept of an interim or transitional capital, 
a group of three platforms (McKern 1929: 45-46) exists near ’Afa about 1 km west from Heketa. Tradi-
16^ As given by an old man from Navutoka village and reported by Wordsworth and Alexander (1957).
17^ Or ‘Whitehoose Point’ according to Topographic Map 1:25.000, Kingdom of Tonga (1975).
18^ Not mentioned by McKern (1929); literally ‘under the telie tree’; telie = Indian almond (Terminalia 
catappa). It is possible that this name is a makeshift or a directional one.
Chapter 9: Political centres in space and time «453
tions claim that there is another langi in the area besides langi Heketa (TO-Nt-lO), the langi Mo’unga- 
lafa (‘tomb of the flat-topped mountain’; Rutherford et al. 1977:33; Gifford 1923:126; 1929:52). This 
langi (TO-Nt-48), however, could not be identified beyond doubt, though it could be the largest of the 
stone structures at ’Afa. Tu’i Tonga Tu’itatui’s name is associated with langi Mo’ungalafa as well. It 
is said to have been erected for his father, the 10th Tu’i Tonga Momo (Gifford 1929:52). Another tradi­
tion (Gifford 1924:48) states that four of Tu’itatui’s children were buried there (and the langi Heketa ?).
If the correlation of the largest monument at ’Afa with the langi Mo’ungalafa is correct, then the 
function of the two other, substantially smaller structures is open to interpretation. They may either 
be paepae or further langi.l9) It should be noted that the stone-size exercise carried out in the pre­
vious chapter (see also Appendix 4) has shown that the stone slabs used in the big ’Afa monument are 
by far the largest and do not fit into any developmental model. Compared to the stones used at Heketa, 
the stone slabs at ’Afa are on an entirely different level of stone masonry. Thus, if the general 
trend of increasing stone-slab size gives any indication of the chronological status of a monument20), 
the large monument at ’Afa is substantially later than many of the monuments at M u’a.
Mu’a
M u’a was the capital place at the time of the early European visitors, and many of them were received 
there by the Tu’i Tonga, the Tu’i Ha’atakalaua or, less commonly, the Tu’i Kanokupolu. The monuments 
at Mu’a were noted and cursorily described by Cook and his officers.21) Subsequent visitors2^  variously 
described, depicted and measured them. The first mapping of Mu’a, was provided by Dumont 
d ’Urville (1835). It identifies a few of the mounds and gives some information as to who was buried in 
them (figure 9.7). Further mapping (figure 9.8) was done by McKern (1929:89), who stayed in Tonga in
19^ Golson (1957:6) reports a langi pointed out to him as the langi Mahanga by a local informant from Niu- 
toua. Since no map is provided and the langi is not mentioned on the sketch map supplied by Wordsworth & Alexander 
(1957), any identification is currently impossible.
20)’ For some problems with this approach see Appendix 4.
21) Anderson 1967a: 1004; Cook 1777:1224; 1969: 250-52; Wales 1969: 812-813.
2T> Baessler 1895:312; Bastian 1894; Dumont d’Urville 1835; Forbes 1853; Maudsley 1930:237 [came in 1878]; 
Thomson 1894; 1902; Wilson 1799: 283-285.
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1920/21. During the 1985 field season the monument complex was re-surveyed and a new map was produced 
(figure 9.10), which forms the basis for the present assessments.23^
Lay-out of the capital
While the capital at Heketa was in the form a chiefly compound but on monumental scale, that at M u’a 
differed considerably. At the time of European contact the visitor did not enter a compound, but a 
cluster o f compounds apparently structured around a central mala’ e. Cook (1967:127) gives a description 
o f M u’a in 1777, which is reproduced in full.
It was a village most delightfully situated on the bank of the inlet, where all or most of the great men in the 
island resided, each having his house in the midst of a small plantation, with lesser houses and offices for 
servants &ca. These plantations were all neatly fenced round, with the most part only one entrance which was by 
the door that was generally fastened on the inside by a shore or prop of wood, so that a person has to 
knock before he can get admittance. Publick roads and lanes lay between every plantation so that no
one trespasseth upon another. Great part of some of these plantations were laid out in grass plats,
and planted with such things as seemed more for ornament than use; but hardly any were without kava 
plane.. There were some large houses near the publick roads uninclosed with large smooth grass
placed before them; these I was told belong to the King, they seemed to be common to every one and
were probably the places where they have their publick assemblies.
The 18th century situation was the product of a long history. M u’a consisted of two parts: one, Lapaha, 
within an old fortification and occupied by the Tu’ i Tonga, and a more recent extension occupied by 
the Tu’i Ha’ atakalaua\ the other, Tatakamotonga, built as an annexe to the south and belonging to the 
Tu’i Kanokupolu. M u’a, the term for the central district of any island and its administrative centre, 
covers Lapaha, Tatakomotonga, and (today ?) the village of Talasi’u, north of Lapaha.
Each o f three lineages mentioned above had its own compound: the Tu’i Tonga, with the house Olotele 
the focal point; the Tu’i Ha’atakalaua with the house Fonuamotw, the Tu’i Kanokupolu with the house 
Langakali. These three compounds consisted of a series of smaller compounds, all arranged around a
3^)
At present, the langi within Mu’a township have been used as welcome extensions of people’s backyards. In 
some cases stones have been removed to form steps for adjacent houses and in others modem graves have been pla­
ced directly across the retaining wall, taking out the slabs in the process (cf Spennemann 1986a: 84). On the 
whole, however, the sites are in fair condition. There are cases, however, of slabs dislodged and tilting at a 
precarious angle. The sites are commonly overgrown by bush and grass, which is cleared annually. At the begin­
ning of last century (Dumont d’Urville 1835) some, and by end of the century most of the langi were heavily 
overgrown and only occasionally cleared if an intrepid visitor wanted to see them. This situation continued 
until the 1920s (Baessler 1895: opp. 312; Brown 1908: opp. 440.; Geil 1902: opp. 106; Maudsley 1930:237; McKern 
1929: plates II-IV; Norton 1919; Thomson 1902: plate V). In photographs of the time several medium-large trees 
can be seen growing on the individual tiers and were no doubt responsible for the current state of some of the 
monuments by pushing the slabs apart.
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Figure 9.8: Location map of the individual sites in the Mu’a monument complex, Tongatapu. Mapping: 
Dumont d’Urville 1827. The figure has been turned 90° to be in the same orientation as the other maps. 
Translation of (omitted) caption: 1. A T u i Tonga named Fatafehi; 2. Five kings; 3. A king and his 
wife; 4. A child; 5. A king; 6. Four kings; 7. A king; 8. Kings named Tu’ipolutu and Fatafehi and two 
others; 9. Four kings; 10. A small child; 11. Tongamana, grandfather of the chief Havea; also the chief 
Tu’i; 12. Grandmother of the chief Havea; 13. Tomb in memory of the chief Telea, who was lost at sea;
14. Finau, a chief who met Cook; 15. The chief Tafoa.
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Figure 9.8a: Identification of the monuments shown on Dumont d'Urville’s map. The numbers are site 
numbers, to be preceded by the island and area code ‘TO-Mu-’. Compare with figure 9.10.
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Figure 9.9: Location map of the individual sites in the Mu’a monument complex, Tongatapu.
Mapping: W.C. McKern 1920/21.
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Figure 9.10: Location map o f the individual sites in the M u ’a monument complex, Tongatapu.
Mapping: D.H.R. Spcnnemann 1985.
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central grass-covered space at the top of which a large meeting/kava house (fale hau) stood. The houses 
of the high-ranking chiefs residing there were surrounded by servants’ and retainers’ quarters. As be­
comes obvious from Cook’s description, the plantations within these compounds were not laid out for the 
growing of staple crops, but for the production of flowers, scented oils, kccva and the like. Given the 
social structure, the inhabitants of these compounds would be provided with all foodstuff needed.
A major difference between Heketa and Mu’a is that the monumental architecture is entirely sepulchral 
at the latter. Although early visitors mention that the houses stood on mounds, none of them says 
that these were slab-faced or even stone-faced platforms (paepae), McKern who conducted a thorough 
survey of the archaeological monuments at Mu’a, recorded several earth mounds now destroyed, but does 
not mention any slab-faced paepae.
The archaeological monuments at M u’a
The archaeological landscape of Mu’a is dominated by the slab-faced langi and mala’e which make up the 
monument complex. In addition to these, we need to discuss the fortification and what is said to be a 
large-scale land reclamation which occurred during prehistoric times.
As indicated in chapter 8, the monument complex at Mu’a (see figures 9.10 and table 8.1) can be divided 
into six groups. The monuments inside the fortification (‘Inner Group’) and the row of large monuments 
on the outside (‘Main Group’) form a north-south alignment, interrupted only by the defensive ditch. 
North of the fortification and parallel to the alignment referred to above is a row of small monuments 
in front of the Main Group (‘Small Group’). West of these three groups are the Telea Group and a group 
of two small monuments across the road from the Main Group, the Northern Group. Towards the southwest 
is the Loamanu Group. On the whole, the langi and mala’e at Mu’a are arranged in two north-south align­
ments, that to the west showing some interruption (figure 9.10).
Since they have been extensively described by McKern (1929), I deal with the slab-faced monuments at 
Mu’a only in so far as they contribute to an understanding of the lay-out of the capital. A detailed 
assessment and a relative chronology is provided in Appendix 5.
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Arrangement of monuments
In the previous chapter I conducted an analysis of the average size of the individual stone slabs built 
into the monuments. If we look at the distribution of slab size within the individual slab-faced monu­
ments at Mu’a, we make an interesting observation (tables 9.1, 9.2; see Appendix 5 for details). Some 
sites, such as TO-Mu-9 and TO-Mu-25, show a clear-cut dichotomy between slab size in their northern and 
southern faces compared with that in the eastern and western ones. A statistical assessment, using 
Student’s r-test, shows that for all the slabs at Mu’a this difference is statistically significant at 
the 98% level (P=0.016, df=2250.68). For this dichotomy two avenues of explanation are open:
1) the areas east and west of the sites may have had a higher status, as important activities may have 
taken place there.
2) the northern and southern sides were neglected since there were other monuments nearby which 
hid them.
It seems likely that both propositions are true. The chronological consequences deriving from the se­
cond explanation are discussed in Appendix 5, where they are used to arrive at a monument sequence for Mu’a.
What I would like to stress in the context of this chapter is that the monuments clearly have display 
sides, consisting of larger slabs, and that these display sides were the eastern and western faces. 
Although no consistency exists in the data, there is nevertheless a trend that the stones of the 
western face of the monuments of the Main and Inner Groups are larger than those of the eastern face, 
suggesting that the emphasis was placed on social activities taking place towards the west, where we 
may therefore expect a large mala’e or central plaza. In addition, this is the direction from which 
visitors arriving by canoe can be expected to have come.
In the case of the Loamanu Group (table 9.2), the difference between the western side on the one hand 
and the northern and southern sides on the other is less pronounced than that between the eastern side 
with the other sides. Thus it appears that for the Loamanu cemetery the eastern side was the display 
side, which would be in keeping with the location of the socially important activities taking place in 
the central plaza. Not in keeping with this model, however, is the stone size distribution of the Pae- 
pae-’o-Telea and the langi Namoala, both belonging to the Telea Group, which have larger stones on the 
west than the east, suggesting that for this group orientation to the lagoon was (again?) more important.
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Table 9.1: Comparison of slab size (area in m~) in the northern and southern walls of slab-faced 
monuments at M u’a with that in the eastern and western walls. Based on Student’s r-test (two tailed, 
separate variance estimates). Probabilities of P < 0.01 are shown in bold.
Site N
North & South
Mean  SD SE N
East
Mean
& West
SD SE t
Probability
df P
Mu' a
1 42 1 . 6 4 0 . 6 2 0 . 0 9 30 2 . 2 3 2 . 3 2  0 . 4 2 - 1 . 3 6 3 1 . 9 9 0 . 1 8 4
6 95 2 . 8 7 1 . 5 6 0 . 1 6 110 2 . 9 1 1 . 8 2 0 . 1 7 - 0 . 1 6 2 0 2 . 9 8 0 . 3 7 2
8 189 1 . 2 7 0 . 9 2 0 . 0 6 212 1 . 5 7 1 . 2 5 0 . 0 8 - 2 . 7 4 3 8 6 . 3 2 0.006
9 94 5 . 0 7 2 . 2 5 0 . 2 3 95 6 . 6 5 3 . 7 9 0 . 3 9 - 3 . 4 9 1 5 3 . 1 5 0.001
10 22 0 . 9 8 0 . 4 9 0 . 1 0 28 1 . 2 3 0 . 6 3 0 . 1 2 - 1 . 5 9 4 8 . 0 0 0 . 1 1 9
12 39 1 . 1 4 0 . 9 6 0 . 1 5 31 1 . 5 9 1 . 0 9 0 . 1 9 - 1 . 8 4 6 0 . 2 8 0 . 0 7 1
17 73 2 . 1 2 1 . 1 4 0 . 1 3 94 2 . 5 2 1 . 3 5 0 . 1 4 - 2 . 0 7 1 6 3 . 9 7 0 . 0 4 0
18 60 1 . 7 0 1 . 1 0 0 . 1 4 58 2 . 5 3 2 . 1 7 0 . 2 8 - 2 . 6 2 8 3 . 7 6 0.010
19 28 0 . 4 9 0 . 2 7 0 . 0 5 26 0 . 7 6 0 . 2 8 0 . 0 5 - 3 . 5 1 5 1 . 3 6 0.001
21 98 3 . 3 3 2 . 4 3 0 . 2 4 62 3 . 2 7 3 . 0 0 0 . 3 8 0 . 1 3 1 1 0 . 3 4 0 . 8 9 8
22 135 2 . 5 5 1 . 3 7 0 . 1 1 154 2 . 6 9 1 . 6 5 0 . 1 3 - 0 . 7 4 2 8 6 . 1 5 0 . 4 6 2
24 27 1 . 8 3 0 . 7 2 0 . 1 4 20 2 . 2 8 0 . 8 1 0 . 1 8 - 1 . 9 5 3 8 . 4 4 0 . 0 5 9
25 30 8 . 6 7 4 . 8 4 0 . 8 8 37 5 . 7 4 2 . 5 5 0 . 4 2 2 . 9 9 4 1 . 8 0 0.005
27 30 1 . 0 6 0 . 3 7 0 . 0 6 34 1 . 3 9 0 . 4 3 0 . 0 7 - 3 . 3 1 6 1 . 9 4 0.002
28 28 2 . 0 8 0 . 5 8 0 . 1 1 26 1 . 1 0 0 . 4 7 0 . 0 9 6 . 8 0 5 1 . 2 7 0 . 0 0 0
29 50 3 . 5 1 1 . 8 5 0 . 2 6 64 4 . 3 4 3 . 7 7 0 . 4 7 - 1 . 5 5 9 6 . 2 9 0 . 1 2 5
35 13 0 . 6 0 0 . 3 4 0 . 0 9 11 0 . 5 7 0 . 2 3 0 . 0 7 0 . 2 1 2 1 . 2 3 0 . 8 3 2
36 14 0 . 3 1 0 . 1 8 0 . 0 5 24 0 . 5 5 0 . 6 9 0 . 1 4 - 1 . 5 8 2 8 . 3 1 0 . 1 2 4
48 24 0 . 5 5 0 . 2 7 0 . 0 5 25 0 . 5 9 0 . 2 1 0 . 0 4 - 0 . 5 7 4 3 . 8 1 0 . 5 7 0
99 12 0 . 5 7 0 . 3 6 0 . 1 0 25 0 . 3 7 0 . 2 8 0 . 0 5 1 . 6 5 1 7 . 6 6 0 . 1 1 8
Loamanu
30  9 0 . 9 0 0 . 4 2 0 . 1 4 13 1 . 3 4 0 . 7 1 0 . 1 9 - 1 . 8 0 1 9 . 7 0 0 . 0 8 8
31 13 0 . 4 3 0 . 3 3 0 . 0 9 15 0 . 6 5 0 . 4 3 0 . 1 1 - 1 . 5 0 2 5 . 7 2 0 . 1 4 6
32 24 2 . 6 5 1 . 3 9 0 . 2 8 18 3 . 7 1 2 . 6 4 0 . 6 2 - 1 . 5 4 2 4 . 0 7 0 . 1 3 6
33 16 0 . 6 0 0 . 3 5 0 . 0 9 17 0 . 9 6 0 . 2 7 0 . 0 6 - 3 . 1 6 2 8 . 1 2 0.004
34 38 1 . 4 7 0 . 7 6 0 . 1 2 27 1 . 5 6 0 . 8 1 0 . 1 5 - 0 . 4 2 5 3 . 7 8 0 . 6 7 5
The results of this exercise are that the monuments at Mu’a have a display side and that this display 
side, apart from the monuments of the Loamanu Group, is oriented towards the lagoon. As is evident in 
examples from Pangaimotu (site TO-Pi-13; chapter 7), Kanokupolu and Feletoa (for both see Appendix 5), 
the display sides, which in the case of Pangaimotu is the only slab-faced side, are oriented towards 
the direction from where visitors would come. If we apply this concept to Mu’a, where many display 
sides face towards the lagoon, then the monuments were primarily erected to impress visitors arriving 
by canoe, possibly from outer islands, rather than people coming from the landward side. This is 
consistent with the overseas contacts suggested in the traditions, a point taken up in the discussion 
of the harbour and wharves below.
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Table 9.2: Statistical comparison (Student’s r-test; two tailed, separate variance estimates) of slab 
size (area in rrT) within major monument groups at M u’a by cardinal points. Probabilities of P < 0.01 are 
shown in bold.
Inner Group (n = 651) Main Group (n = 754)
North East South West North East South West
North X 0.001 0.034 0.015 North X 0.058 0.126 0.474
East X 0.114 0.995 East X 0.729 0.255
South X 0.280 South X 0.430
West X West X
Telea Group (n = 336) Northern Group (n = 168)
North East South West North East South West
North X 0.084 0.428 0.011 North X 0.175 0.065 0.386
East X 0.356 0.161 East X 0.007 0.653
South X 0.045 South X 0.024
West X West X
Small Group (n = 337) Loamanu Group (n = 190)
North East South West North East South West
North X 0.891 0.329 0.386 North X 0.185 0.699 0.599
East X 0.278 0.330 East X 0.021 0.524
South X 0.935 South X 0.321
West X West X
In this context it is of importance to note that langi TO-Mu-8, which I believe to be the first langi 
to be erected at M u’a (see below and Appendix 5), already shows this phenomenon. This indication that 
the orientation of monuments towards the lagoon commenced with the very beginnings of Mu ’ a is the more im­
portant in the light of the monument group at Heketa. Here the southern side of langi Heketa has the 
largest stones, suggesting that visitors would have come from the southern, landward side. This inter­
pretation, of course, is consistent with the fact that the gateway at the Ha’amonga is south of the langi.
The fortification of Mu’a
An important landmark at M u’a is the large fortification (TO-Mu-4). There is a ditch, measuring 10-12m 
in width and 1.2-1.5m in depth, which encloses a rectangular area. The original depth has not been 
ascertained. At the northern part of the eastern side a stretch of inner bank survives. The fortifica-
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tion is open towards the lagoon, where the ditch ends at an old shoreline, about 75m (southern) to 250m 
(northern) from the present shoreline. Since the land between the old and the present shoreline has 
allegedly been reclaimed (see below), the fortification doubtless predates the reclamation.
No traditions seem to exist to explain why the fortification was established; according to one of 
McKern’s informants (1929:93), the 23rd Tu’i Tonga Takalaua either built or refurbished it. It is 
known from traditional sources that several assassinations of Tu’ i Tonga took place, one of them giving 
rise to a split in power and the creation of the Tu’ i Ha’atakalaua title (see below). The name of the 
capital place itself, Lapaha, is interesting in this context, as it means ‘the appearance of assassina­
tion’2^  and is similar to the Fijian Labasa (Gifford 1923:127). However, there is some indication that 
it was not assassination which caused the erection of the fortification, but a full-scale war, appa­
rently civil war: the name of the langi Tauatonga (either site TO-Mu-9 orTO-Mu-27; McKern 1929:40-41, 
56) translates as ‘tomb of the war of Tongatapu’ (Gifford 1923:126). It is possibly no coincidence that 
TO-Mu-9 was the first tomb to be built after the fortification, though, as discussed in Appendix 5, the 
correlation of names with monuments is often uncertain.
The great land reclamation
The old shoreline at Mu’a is a clearly visible geomorphological surface feature. Lapita sites sitting 
on top of it (TO-Mu-2, -67) provide a terminus ante quern for its formation: it is in all likelihood 
associated with the Holocene sea-level highstand at 6600 BP. As already mentioned, there is a claim 
(McKern 1929:100) that the land between the present and the former shoreline was reclaimed, a logis­
tical feat which McKern doubts (ibid.). A perusal of the map of Mu’a (figure 9.10), however, shows that 
the area in question is rectangular in plan and its lagoon margin has a number of rectangular protru­
sions. Rectangular shores do not exist in nature. The new land was made in such a way as to accommodate 
the residence of the Tu’i Ha’ atakalaua25^  and an entire harbour and wharf area.
24^ Gifford 1923:127; lapa ‘to make an attack on someone by stealth or without warning’, ha ‘to appear’, ‘to 
crop up’ (Churchward 1959: 205; 283).
25^ In this context it is worth mentioning that the residence of the Tu’i Ha’atakalaua on 
the reclaimed land was called Fonuamotu, the literal meaning of which is ‘the land that is broken off (Fanua 
1982:20).
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The reason for this large-scale land reclamation is unclear. As McKern (1929:100) correctly remarks, 
there is no apparent need for it, as a harbour could have been built at the existing shore. It has been 
argued by some authors (e.g. Kirch 1984: 227) that new land was required to accommodate a new admini­
strative office. The assassination of the 23rd Tu’i Tonga Takalaua caused his son K au’ulufonua Fekai to 
separate the secular leadership (hau) from the spiritual/sacral leadership (see Appendix 1). While 
K au’ulufonua as Tu’i Tonga retained the latter, he transferred the secular and administrative duties to 
his brother M o’ungamotu’a, who became the first Tu’i Ha’atakalaua. The new Ha’a Takalaua, thus formed 
by collateral fission from the (old) Ha’a Tu’i Tonga, was later given the name Kauhalalalo (‘people of 
the lower road’), while the Ha’a Tu’i Tonga became known as the Kauhalala’uta ( ‘people of the inland 
side of the road’). The political reorganisation following the creation of the new title saw the 
reassertion of Tongan influence in outer islands and the establishment of new governors (traditions 
mentioned in Rutherford 1977b:35).
The question remains whether the land reclamation was undertaken immediately after the creation of the 
new administrative structure, or whether it followed at a later time. If the former, it would date to 
the middle of the 16th century AD, based on genealogical reckoning at 25 year per generation. A defi­
nite terminus ante quern is provided by the Paepae-’o-Telea, which is erected on the new land, which 
therefore must be older than the reign of the 29th Tu’i Tonga, who, according to tradition, ordered the 
tomb to be built for himself. By genealogical reckoning, he would have lived at the beginning of the 
17th century AD.26)
The wharf and harbour
Since the draught of even the large double-hulled canoes (kaliaJtongiaki) was not very great, they
could easily enter the Fanga ’Uta lagoon, so that M u’a was accessible to every type of traditional c ra ft27)
26) While the oral traditions commonly diverge as to which Tu’i Tonga is buried where, there is a remarkable 
consistency in relation to this monument (see also Appendix 5, catalogue of sites).
27^  Erskine (1853:139) mentions for August 1849 that a large double-hulled canoe with 60-70 people on board left 
Nukualofa for Mu’a and sailed via Pangaimotu and Makaha’a to get into the lagoon. Navigation of these 
large canoes amongst the reefs was always a tricky business, especially in adverse weather. If it 
could be managed, they stayed well clear of the reefs for fear of damage. Thus early missionaries, 
using large canoes as their main mode of transport within and beyond Tongatapu, mention that the large 
long-distance voyaging canoes often did not enter the lagoon or the reef area, but hove to at ’Atata 
(e.g. Thomas nd). The passengers were shuttled to and from these canoes by smaller craft.
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Figure 9.11: Two tongiaki moored at poles standing in the lagoon (?).
Figure 9.12: Retaining wall of the wharf at Mu’a, as seen from the lagoon.
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Figure 9.13: Reconstruction of the harbour and wharf area at Mu’a.
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Figure 9.14: British (?) gunflint found in the intertidal zone next to the Mounu at M u’a.
Normally, if the canoes were not to be used for some time, they were dragged ashore and placed in 
large canoe houses."8) When not in use for a shorter period of time, they were anchored a short dis­
tance offshore. At chiefly places special anchorages were built. Abel Tasman, visiting the Hihifo area 
in 1643, made a sketch in his logbook (figure 9.11) showing two tongiaki moored a short distance off­
shore to poles standing in the lagoon. This arrangement seems to have been the rule. At M u’a, however, 
canoes were apparently berthed on long piers running into the lagoon. The pier for the Tu’i Tonga's 
canoe was erected in stone and thus is still visible. The whole complex, the Mounu29), consists of a 
buttress-like wharf area faced with boulders of coral limestone and slabs of beachrock, from which pro­
trudes the pier itself (figure 9.12). The remains of the pier run out about 25 to 30 m into the lagoon
28')
On Tongatapu, early European visitors mention or depict canoe houses at Pea and Mu’a (Snow & Waine 
1979:273; Gerstle & Raitt 1974:4). The canoe houses (see Appendix 2) were the largest Tongan house constructions 
undertaken. Nevertheless, sometimes the ends of the canoe protruded from the building and were sheltered from 
the scorching sun by mats (see lithograph by de Sainson 1826, reproduced by Snow & Waine 1979:273). Since big 
war canoes were a precious item, they were well looked after. The worst that could happen was for the canoe to 
dry out and the hull to spring a leak. To avoid this, an anchored canoe was frequently watered.
29) It is worth noting that a small sand cay in the lagoon, just off Mu’a, is also called Mounu and that some 
traditions (Gifford 1924) mention that this island was also used an anchorage for large canoes, with the 
passengers being shuttled by smaller craft into Mu’a. The harbour of Mu’a must have been capable of handling 
large numbers of double-hulled canoes at the same time. Missionary references say, for example, that 
in January 1834 about 50 canoes arrived from the Ha’apai Group (Cummins 1977:29).
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and consist of a pile of small coral limestone blocks, which today is partly exposed at high tide and 
well exposed at low tide. This pier was obviously not the only one in existence, but since stone con­
struction of any kind was a high-ranking privilege, all other piers would have been made o f wood and so 
have not survived.30) Figure 9.13 gives a reconstruction of their possible appearance.3^
We are ill-informed about the time the wharf was actually built. The initial land reclamation took 
place after the reign of the 23rd Tu’i Tonga, Takalaua. The wharf shows a second, almost completely 
buried line of stone facing, some 25 m in from the present western edge of the butress. It appears as 
if the buttress of the Mounu has been enlarged, suggesting a second phase in wharf construction. That 
the w harf was in use in 1849 can be seen from comments by Erskine (1853:115), who mentions that ‘one or 
two large double canoes were lying at a kind of wharf near the landing place’. Possible archaeological 
confirmation of this continued use of the Mounu into European times exists in the form of a gunflint, 
perhaps of British origin, picked up in the intertidal zone next to it (figure 9.14).
Towards an integrated building sequence for Mu’a
Correlating historic figures with monuments
Given the abundance of oral traditions, it is tempting to use them for an internal chronology of M u’a. 
Kirch (1984:229-230) has proposed an event sequence based on the site identifications and oral tradi­
tions provided by McKern (1929). However, as has been noted by various people (Golson 1957:5; Davidson 
1964:12), the identifications mentioned by McKern vary from those recorded later on and indeed before. 
The question arises as to how much reliance can be placed on the oral traditions as such and on their 
correlation with the physical monuments.
30^  We can anticipate, however, that some traces of the wooden pilings will have survived in the lagoonal mud. 
So far no underwater exploration has been undertaken at Mu’a.
’ The only other place in the entire region where a similar wharf construction can be seen is Bau in Fiji 
(Homell 1926; see also figure in Snow & Waine 1979: 199). There the entire island was provided with piers, 
giving it a cog-wheel appearance. In Bau the procurement of stone was no problem and the entire harbour area was 
slab- or boulder-faced. There is no clear evidence to say whether Mu’a influenced Bau or vice versa. In 
view of the Tongan origin of the double-hulled canoes of the kalia/drua type, however, it seems likely that the 
wharf at Bau is an elaborate copy of the one at Mu’a.
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Table 9.3: List of langi at Mu’a and various identifications advanced.
Site McKern 1929 MLSNR 1957
TO-Mu-1 L. Tuoteau Tu'o teau
TO-Mu-6 L. Fa'apite L. Tofa Ua
TO-Mu-8 L. Katoa L. Taetaea
TO-Mu-9 L. Leka L. Tau'atonga
TO-Mu-10 Langalangafehi -
TO-Mu-12 L.,Malu'atonga Luani & Tu'ituiohu
OI: Matu'atonga
TO-Mu-16 Nakulukilangi -
TO-Mu-17 L., Namoala L.Namoala
TO-Mu-18 L., Nukalau (a) -
TO-Mu-20 L..Olomaloa' a -
TO-Mu-21 Paepae-o-Telea Paepae-o-Telea
TO-Mu-22 L., Puipui L. Leka
TO-Mu-23 L.. Sinai -
TO-Mu-24 L.. Taetaea -
TO-Mu-25 L.. Tauhala L. Malu'atonga
TO-Mu-27 L,. Tauatonga Fanakavakilangi
TO-Mu-28 L,. Tafaua -
TO-Mu-29 L,. Tuofefafa L. Tu 'ofefafa
L ,. Fanakavakilangi
TO-Mu-3 5 unnamed -
TO-Mu-4 8 - Kof e
TO-Mu-51 unamed fa'itoka Hehea
The oral traditions have been handed on from generation to generation and, as is well known, over time 
they are likely to have become distorted, though to what extent and in what ways there is no means of 
telling. We shall have, therefore, to take them, as they were recorded at the end of last century and 
the beginning of this, at face value. At least, since they usually associate the name of interred 
people with the name of a monument32^  some consistency can be expected within the system.
However, a problem arises with the correlation of the name of a given langi and the actual monument in 
the field. The traditions do not normally make this association. One tradition furnished by the then
 ^ This happens either indirectly by mention that the Tu’i Tonga X is buried in the langi Y, or directly by con­
necting the name of the langi with the name of. the Tu’i Tonga. It is a common Tongan custom that title holders 
are associated with their lineage (such as Ma’afu-’o-Tu’itonga) or, after their death, with their tombs, if  more 
than one title holder with the same name exists. Thus several of the Tu i Toma bear double-barrelled names indi­
cating their place of .interment, e.g. the 18th TT Tu’itonga-’i-Puipui; 33L TT Tu’i Polutu-’i-Langitu’ofefafa 
(= Tu’i Polutu I); 35th TT Tu’i Polutu-’i-Langitu’oteau (= Tu’i Polutu n). The same applies to the Tu’i Tonga 
Fefine, e.g. Sinaitakala-’i-Langileka (Sinaitakala I, sister of the 30th Tu’i Tonga Fatafehi).
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Table 9.4: L ist o f  langi at M u ’a and their burials.
Site D'Urville 1835 McKern 1929 Gifford 1929
TO-Mu-l Fatafehi (TT) Tu'ipolutu II
— -------
Tu'ipolutu IITO-Mu-6 Tu'ipolutu
Fatafehi and 2 others
Sanualio ???
TO-Mu-8 Five kings ??? ???TO-Mu-9 Four kings ??? 'Uluakimata IITO-Mu-lO - ??? ???TO-Mu-12 A small child son of a TT and a woman from 'UveaTO-Mu-l6 - Tu'i Lakepa lineTO-Mu-17 TTF Siumafua'uta Finau (woman) Tu 'i Ha'ateiho line
mother of Finau V LatutamaTO-Mu-l8 - ??? ???TO-Mu-20 - ??? ? ? ?TO-Mu-21 Telea Telea TeleaTO-Mu-22 Four kings ??? ???TO-Mu-23 - TTF Sinaitakala I ? ? ?TO-Mu-24 A child Tu'iha'apula familyTO-Mu-25 A king Tamatauhala TamatauhalaTO-Mu-27 - ??? TTF Sinaitakala IIITO-Mu-28 - ??? ???TO-Mu-29
TO-Mu-3?
A king & his wife Tu'ipolutu I 
Tokemoana 
Laufilitonga (*)
Tu'ipolutu I 
Tokemoana 
Laufilitonga (*)TK Tuku'aho 
TK Tupou-malohi 
TK Tupouto'a
TO-Mu-33 Taf oa Tu'i Ha'atakalaua lineTO-Mu-34 Finau Tu'i Ha'atakalaua line
Fusipala
TO-Mu-35 A king ??? ???TO-Mu-4 8 - ??? ???TO-Mu-51 Tongamana
Grandfather of Havea
??? ???
(*) Laufilitonga died in 1865. Note that both Gifford and McKern relied on basically the same information.
Prince Tungi (Q ueen S alote’s husband) provides a few  nam es and the number o f  tiers the m onum ent named 
was supposed to have.33)
33)
The problem is exacerbated by the fact that the names of monuments are variable over time. Thus langi Tuo- 
fefafa is also referred to as langi Fo’ou (‘new’) by virtue of a new interment, that of the last Tu'i Tonga, 
Laufilitonga, in 1865. But for the contemporary European records, the new name of the langi would have replaced 
the old one over time. Thus one wonders what became of the langi Makato’e, where from its name the Tu’i Tonga 
Tu’itonga-’i-Ma’akatoe (17 Tu'i Tonga on the Catholic list; see table A l . l )  was buried, or the langi Lepo of 
the Tu’itonga-’i-Lepo (Bastian 1885). It appears very likely that these langi exist somewhere in Mu’a and that 
other names have been applied to them.
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A comparison of the identifications (tables 9.3 and 9.4) published by McKern and Gifford with the in­
formation derived from the map of the monuments by Dumont d’Urville (1835) and the modem identifica­
tions advanced by the Tonga Traditions Committee (MLSNR 1957) shows that while a plethora of correla­
tions exists, several identifications are contradictory and a positive correlation appears to be futile 
(see the detailed discussion in Appendix 5). Because of this, it is questionable whether an event se­
quence based on the correlation of oral traditions with actual field monuments can be achieved, where 
individuals, rather than lineages, are concerned.
In the light of this, I have adopted another approach, using the orientation of monuments, differential 
stone size and geomorphological dating. The procedures are set out in detail in Appendix 5.
A new sequence
Ignoring the Lapita habitation (figure 9.16a), I divide the history of Mu’a into four phases, as set 
out in figure 9.15.
Phase I - Lap aha is founded
According to the traditions, Lapaha was founded by the 14th Tu’i Tonga, Tala-’i-Ha’apepe, 26 Tu’i Tonga 
before 1865, the year of the death of the last Tu’i Tonga, Laufditonga, and 22 before 1784, the ear­
liest fixed date for the death of a Tu’i Tonga, that of the 36th, Paulaho. If we assume each Tu’i Tonga 
to represent a real generation, except for the the 25th and 26th who are traditionally said to have 
been brothers, and each generation to have 20 (25) [30] years, we can calculate 21 generations (= 22-1) 
back from 1784 to arrive at a figures of AD 1364 (1259) [1154] for the foundation of Lapaha, i.e. bet­
ween the 12th and the 14th centuries AD.
I argue that the langi TO-Mu-8 (of the Inner Group of monuments) is the earliest structure, followed by 
TO-Mu-27, which I interpret as the langi of a Tu’i Tonga Fefine (figure 9.16b). Both of them I think 
were built before the fortification (figure 9.16c). The similarity in slab size between TO-Mu-8 and the 
Heketa monuments, together with the location of the langi in the centre of the fortification, suggests 
that this langi is the earliest, if we assume that the initial lay-out of Lapaha followed that of Heke-
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Figure 9.16: Steps in the development of Mif a (see text).
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ta. Since Heketa was undefended, apart from a possible palisade, I am inclined to believe that M u ’a was 
undefended too and that the fortification is o f  a slightly later date than the initial monuments.
Phase II - the fortification is built
I suggest that one o f the langi outside the fortification followed its construction, m ost probably 
either TO-M u-6 o r TO-M u-9 (figure 9.16d). Each o f these langi has slabs o f very m uch the sam e size in 
all faces, which, in the light o f  earlier discussion o f differential slab size (cf. A ppendix 5), may 
indicate that these m onum ents were built earlier on the spot than the neighbouring m onum ents TO-M u-22 
and TO-M u-29, w hich show an internal differentiation in slab size. It is even possible that both TO-M u- 
6 and TO-M u-9 were built before the fortification was dismantled.
Phase III - the fortification is dismantled
A sim ple arithm etic exercise shows that the volum e o f earth built into sites TO-M u-1 and TO -M u-29 (of 
the Inner Group) is approxim ately that o f the bank o f the fortification at the tim e34), suggesting that 
these two langi followed on the dism antling o f the fortification. The large land reclam ation would also 
have postdated the dism antling o f the fortification, w hich it rendered useless. The sim ilarity o f the 
volum e o f earth taken out o f  the ditch to that used in the fill o f  the two langi suggests that the lat­
ter predate the land reclam ation, since otherwise the earth in question would have been used for this 
more im portant task.
34) Since the original bank does not exist, save for a short stretch at the northeast, we need to calculate what 
its original volume was from the dimensions of the ditch from which the soil was dug. The ditch is ~ 1000m long, 
10-12m wide and, at present, about 1.2-1.5m deep. We do not know what its original depth was, but this does not 
matter, since it can be assumed that the material infilling the ditch derived from the bank. We need to 
establish what volume of the bank was above ground and had not fallen back into the ditch. This is between 
12,000m 3(1000x 10 x 1.2) and 18,0(^0rn (1000 x 12 x 1.5m). Thecombined volume of sites TO-Mu-1 and TO-Mu-29 is 
15,700 m . Therefore some 2,000m3 are unaccounted for on the second assumption, while nothing is missing on the 
first. Thus it appears that all of the soil from the bank went into the two langi and that none or very little 
was available for other purposes.
Next to TO-Mu-29 the ditch is wider than elsewhere and it seems that some of the fill of either TO-Mu-29 or 
TO-Mu-9, or both, was obtained there. Given the reasoning in the text for the chronological status of TO-Mu-29 
in relation to the fortification, I feel that the widening of the ditch was caused by the construction of TO-Mu- 
9 rather than TO-Mu-29. If site TO-Mu-9 was built when TO-Mu-29 was not yet in existence, then the perceived 
need for the fortification was still prevalent and the bank would not have been touched. A deepening and 
widening of the ditch, however, would have not harmed the bank. If, on the other hand, TO-Mu-29 was already in 
existence, then there was no fill left for TO-Mu-9 and the material had to be quarried from the ditch.
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Phase IV  - land is reclaimed
The reclamation created the harbour and wharf area (fig. 9.16e). The Telea Group of monuments was whol­
ly built on the reclaimed land, the Loamanu Group partly so. On genealogical grounds the Paepae-’o- 
Telea, erected for the 29th Tu’i Tonga ’Uluakimata II (called ‘Telea’), dates to the beginning o f the 
17th century AD. From now on the various chronologies of the individual monuments cannot be satisfacto­
rily combined.
By the end of the 18th century, however, construction of slab-faced tombs had ceased (figure 9.16f). 
Though observations quoted in chapter 8 from Labillardiere (1800: II 152-153) and Dumont d ’Urville 
(1835; citing an officer of Pendleton’s ship Oceanic) show that quarrying of stone slabs continued, 
they do not seem to have been used at M u’a, by the evidence of the officer of the Oceanic as recorded 
by d ’Urville.35)
Kanokupolu/Kolovai
Discussing the land reclamation at M u’a, I talked about the creation of the Tu’i H a’atakalaua title. A 
similar split in power occurred seven generations of Tu’i H a’atakalaua later, when by collateral fis­
sion the Tu’i Kanokupolu title was created for the governance of the western area of Tongatapu, which 
at that time had apparently seen trouble amongst an increasing population (Rutherford 1977b). The Tu’i 
Kanokupolu took residence both in M u’a, where a compound was established south of the fortification, at 
Tatakamotonga, and at Kolovai/Kanokupolu, where the installation ceremonies took place. In the archaeo­
logical record, the Tatakamotonga compound, with a ditch and bank, was identified by McKern (1929:94)
35) ‘These great works o f architecture which presuppose advanced knowledge of statics, mechanics and con­
struction, are incontestable proof for a fairly ancient civilisation. Since the erection of these tombs there 
has evidently been a certain degree of decadence in these people. Whether it is that the taste for the arts has 
been lost, or perhaps that the religious enthusiasms had died out with emigration of the heads o f the cult, the 
fact remains that these fai'tokas are no longer built today. The last o f the Finau’s, they say, transferred the 
royal burials to Vava’u, and by his orders two monuments were built, one for the last Tu’i Tonga, then dead, and 
the other for his father. But on Tongatapu -the day of this custom is gone. Even for the most illustrious chief 
they build no more than some small 'tumulus’, or big rectangles of turf surrounded by blocks of coral.’ (Dumont 
d’Urville 1835). The Finau mentioned here appears to be Finau ’Ulukalala-’i-Puono (’Ulukalala Tuapasi). The tomb 
(site TO-Vh-4) was erected for his father, Finau ’Ulukalala-’i-Feletoa (t 1810). The Tu’i Tonga buried in Vava’u 
is the 36 Tu’i Tonga Paulaho, Cook’s Pau (t 1784).
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in the 1920s, though he did not find any slab-faced or stone-faced monuments associated with it.36) 
However, two slab-faced monuments exist at Kanokopulu and Kolovai. The former is the large mala’e of 
the Tu’ i Kanokupolu. This mala’ e (TO-Ka-8), located within Kanokupolu township on the school grounds, 
west of the main road to Ha’atafu, consists of an almost square earth mound, measuring about 31 by 30 m. 
It is damaged on its southern, western and northern sides, where the edges were bulldozed away in the 
1960s (Green, fieldnotes 1965). The mound surface had been cleared of vegetation at the time of my 
inspection, exposing a rounded top with a stone enclosure of square form formed by rectangular slabs of 
beachrock and paved with coral rubble and kilikili stones. The stone slabs in the centre of both the 
eastern and western sides are larger. I have already (chapter 8) used slab size at the Kanokupolu 
mala’ e to indicate how in the later stages of Tongan society it is a good reflection of societal rank.
The existence of this geographically isolated example of a slab-built monument reflects the rise of 
political leadership not wholly centred at the traditional capital. To what extent this trend was 
reflected at lower levels than that of the Tu’i Kanokupolu is impossible to say. In chapter 8 I have 
mentioned the existence of beachrock slabs at sites away from the main centres of their concentration, 
and not explicitly linked to the powerful lineages. We know so little about them that they can be 
thought to represent a multiplication of authority at the local level.
From oral traditions and European observations, however, we do know that at the time of contact the 
central power based inM u’a was already weak (Gifford 1929:58; Bott&Tavi 1982; Cummins 1977). Wealso 
know that the period after 1770 leading to the Civil Wars saw a constant erosion of this centralised 
power, with constantly changing alliances during the period of civil strife itself. During that period 
we see the rise of warlords and the proliferation of chiefly places in the form of local fortifications.
I now want to turn to a consideration of the rise of political power in the west in its historical and 
archaeological context.
' Davidson (1964:14) mentions that the fortification follows a different course than shown by McKern. During 
fieldwork I was unable to locate any traces at all. A ditch starting near the southeastern comer of the forti­
fication of Lapaha and running eastward was followed for about 200 metres and then petered out. I tentatively 
intrepret this ditch as belonging to a road rather than a fortification. No bank was seen. Like McKern, I have 
no knowledge of any slab-faced or stone-faced monuments at Tatakomotonga.
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THE RISE OF THE WEST AND THE PROLIFERATION OF CENTRAL PLACES 
Oral traditions assign the foundation of Kanokupolu as a new administrative centre in the west to some 
unruliness of the people of Hihifo (Rutherford 1977b:36; cf. Bott & Tavi 1982:114; Wood 1938:11). 
While the Tu’i Kanokupolu had a compound at Mu’a and while he lived there from time to time (cf. 
Wilson 1799: 265), both his mala’e and the place of his installation to the title were at his main 
residence at Kanokuplu. This decentralisation of power at a lower administrative level of course pro­
vided the possibility for rivalry and competition. This is in fact what happened. Both Kanokupolu and 
Mu’a were political centres in use during the initial contacts with the Europeans. While at this time 
the traditional centre of Mu’a was still the capital, Kanokupolu was beginning to gain pre-eminence, 
at least on the political level. When Tasman visited Tongatapu in 1643, he anchored off the 
Kanokupolu/Kolovai peninsula. One sketch in his logbook shows the compound of the chief at Kanokupolu, 
the main dwelling of which he calls ‘Balaye’ (Heeres 1898:28), possibly a misshapen phonetic 
transcription of ‘Pangai’.37^  Cook (1969:25-251) also anchored off the peninsula and in fact tra­
versed the area. A contingent of the first missionaries took up residence there, as the 
‘Dugonagaboola’ (Wilson 1799) was a very powerful chief. The Civil Wars of 1799-1852 thoroughly 
altered the political system and saw the rise of the T ui Kanokupolu as the sole ruler of all Tonga. 
While up to that time no nucleated settlements had existed save for the capital places themselves, the 
Civil Wars forced the population to congregate in fortifications, which over time established a new 
pattern of settlement, which lives on in the form of the present-day villages.
The fortifications can be used to investigate the political and demographic landscape on Tongatapu at 
the end of its traditional history. I also use the evidence of the traditional road system to the same 
purpose.
Fortifications
European descriptions of fortifications
The fortified villages (kolo) of the Civil Wars period were defended by a ditch and inner bank of 
earth, on top of which a palisade was erected. In some cases the defence system consisted of two
For a detailed discussion on Pangai see Vol.II Excavation Report, pages 262-263.37)
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ditches and banks. The gateways were often protected by an earth wall erected some 10 to 20 m in front 
of them, preventing direct assault. To achieve the same effect, pit traps with sharpened bamboo spikes 
were dug. Mariner, describing an attack on the kolo of Nukunuku (in 1808?), mentions the use of draw­
bridges to give access across the deep ditches (Martin 1817: I 351). Wilkes (1845:111 22) talks of a 
fortification at M u’a consisting of a soil wall reinforced with logs, on top of which a palisade was 
set up. Some of the fortifications were left open towards the sea to allow access by canoes, which 
were beached inside the defences (Erskine 1853:148). M ariner’s description (Martin 1817: I 97-98) of 
the double-ditched fortification o f Nuku’alofa, on top of Sia-ko-Veiongo (Mt.Zion; TO-Nu-6), can be 
seen as representative.39) Fortifications were not maintained over the whole period o f civil strife. 
They were kept up as long as needed and then fell into disrepair. When fighting broke out again, they 
were quickly renewed. Historical sources mention that a fortification consisting of ditch and bank 
could be built within two or three days.
During the periods between fighting, the people would live away from the fortifications (Orlebar 1833: 
49; Bennett 1832). Missionaries living at Hihifo (now Kolovai) had their premises erected on the out­
side of the fort (Thomas nd: 32). In case of war the people ‘would be called in from the out villages 
and towns and concentrated at the respective fortresses’ (Turner 1852, quoted in Cummins 1972:91).
Distribution of fortifications
Fortifications on Tongatapu come in different forms. There are almost as many round or oval examples as 
rectangular and there is no definite spatial patterning of these types (figure 9.17), although a trend
38}
From Wilkes’ description, which does not mention any monuments inside the fortification, I think that the 
defences he talks about were not the old Lapaha fortification refurbished but those of a new site, 
‘Kolotau’ (TO-Mu-72; the name means ‘fortified village’ and was given to me by the present landowner), 450m 
northeast. Charcoal retrieved from the profile of a small pit found dug into the ditch bottom was 14C dated to 
the last century (ANU-5725; 98.53 + 1.21% Modem).
39) ‘It consists in the first place of a strong wall or fencing of reeds, something like wicker-work, supported on 
the inside by upright posts, from six to nine inches in diameter, and situated a foot and a half distant from 
each other; to which the reedwork was lashed by tough sinnet .... This fencing is about nine feet in height, the 
post rising about a foot higher. It has four large entrances, as well as several small ones, secured on the 
inside by horizontal sliding pieces, made of the wood of the cocoa-nut tree. Over each door, as well as other 
places, are erected platforms, even with the top of the fencing... These platforms are about nine feet square 
the ditch of nearly twelve feet deep, and as much broad; which, at a little distance, is encompassed by another 
fencing similar to the first, with platforms &c. on the outside of which there is a second ditch. The earth dug 
from these ditches forms a bank on each side, serving to deepen them’.
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seems to exist fot rectangular fortifications to be more common in the west. When a village directly 
abutted the shore, the seaward side was undefended, to allow canoes to be beached within the defences. 
Such fortifications are in the shape of a semicircle or a rectangle open to one side.
As can be seen from figure 9.17, the density of fortifications increases towards the west, where they 
reach -16.25 x 10'2 per km2, while in the southeast they are only 9.61 x 10'2. The entire area north of 
M u’a is devoid of fortifications. The eastern half of Tongatapu has not been surveyed systematically, 
but the road network has been traversed, so that, given that many fortifications on Tongatapu are the 
sites of modem villages, the lower density of fortifications in the east seems to be real. This 
conclusion is strengthened by another observation. It is very likely that the distribution of 
fortifications reflects fairly accurately the distribution of the population, as it does not make 
sense to construct fortifications away from population concentrations. The total fortified area in the 
western part of the island, including the fortifications at Ha’ateiho, TO-Pe-11 and TO-At-30, amounts 
to almost a million m2 (986,620 m2). In the east, including the fortification o f Vaini40) but 
excluding the royal compounds of Lapaha and Tatakamotonga41), the total is 320,000 m2. If the defended 
area of a fortification were proportional to the number of people defended, then the population 
distribution between west and east would be 3.12:1. Some population estimates for 1824 are given in 
table 5.16. Based on these data, the population distribution between west and east is 2.97:1, a figure 
which matches nicely the estimate based on the fortifications.
The Keli- ‘a-Pelehake
One particular structure needs to be mentioned in the discussion of fortifications and their distribu­
tion, the Keli-‘a-Pelehake. According to tradition, the people living at the extreme western end of
40^  Vaini was counted only once, as TO-Fo-3 and TO-Fo-4 are two phases of the same fortification. Fortifications 
for which no size data exist (see table 9.6) were assigned the average size of the 25 other fortifications, i.e 
65,072.8 m .
41) Both fortifications are definitely (Lapaha) and most probably (Tatakamotonga) much older than the other 
forts and thus need to be discounted in this exercise. The population estimates advanced by Beveridge in 1824 
(c/. table 6.8) indicate that the exclusion of these large fortifications is justified not only for chronolo­
gical reasons. Beveridge estimates the population of Tatakamotonga to number only 100 people. It should be noted 
that for some time of the period of civil strife the Tu’i Tonga lived in Vava’u or Ha’apai, eg. the 37 , 
Ma’ulupekotofa, who died in 1806 in Vava’u.
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Tongatapu decided to protect themselves with a large ditch reaching in a semicircular fashion from the 
southern shore to near the northern and back to the southern (figure 9.17). The ditch is said to have 
been dug in a single night (Wood 1943:81). It would have been a huge defence system, some 14-16km in 
overall length. Given the military prowess of Tongan warriors in storming fortifications (c/. McKern 
1929:81), it would have been simply undefendable. The fact that the Keli-‘a-Pelehake is a ditch with no 
conclusive evidence for a bank, which connects at least two fortifications, Te’ekiu (TO-Ko-1) and Kolo- 
vai (TO-Ma-7; note this is not the village of Kolovai), makes it more plausible to identify it as a 
sunken road.
The origin of the fortifications
Topographical determinants for the types of fortification
Since Tongatapu is an extremely flat island, topographical variation in the location of forts is 
relatively restricted. Save for site TO-Fu-49, which sits on top of a gentle knoll, and sites TO-Nu-6 
and TO-Fo-5, where old patch reefs have been encircled by a ditch, all fortifications are built on 
flat land. Even in the three cases mentioned, the structure is that of a flat-ground fortification. 
It has been commonly held (c/. McKern 1929:81) that Tongan fortifications are derived from Fijian 
examples. The most common Fijian fortification of the flat-land type is the koro or kolo, a ring-ditch 
fort (Frost 1974; 1979; Parry 1977; 1978; 1979; 1982; 1984; 1987). Here, however, the bank is commonly 
on the outer, that is the enemy, side of the ditch, an indication that the bank crowned with a palisade 
was the main defensive element.
In view of the claimed Fijian derivation of the Tongan forts and the absence from Tongatapu, for topo­
graphic reasons, of ridge- or hill fortifications as known from Samoa (Davidson 1974:240-242; Leach & 
Witter 1987) and Fiji (Best 1984:106 ff.; Frost 1974), it is interesting that Best (1984:106-135, 657- 
661), when discussing the ridge-top fortification of Ulunikoro (site 101/ 7/47) on Lakeba, argues for 
its construction by Tongans. Some of the Tongan fortifications on Vava’u made use of necks of land, 
which could be cut off by ditches (McKern 1929:76-77; Davidson 1971:35; TV-Vt-12 Spennemann 1987h: II 
160-164; TV-Vn-7; ibid. 180-182). Whereas the walls commonly consisted of soil, walls of stone rubble 
were erected if the material was available (TV-Vn-7; McKern 1929: 76-77; Spennemann 1987h: II 180-
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182). It is also interesting that none of the Tongatapu fortifications backs onto the liku coast. An 
example of such a fortification is known from ’Ata Island, south of Tongatapu (Anderson 1978:6), where 
people from ’Atata, an islet off the northwestern coast of Tongatapu, fled during the Civil Wars 
(Gifford 1929:278-283; Maude 1986: 83-87).
If Tongans were actually responsible for the erection of the Ulunikoro fortification, and Best’s 
argument appears convincing in the light of present evidence, it is a good example to show that 
fortification types are predominantly governed by topographical conditions rather than by ‘cultural’ 
traits. In view of this, it seems futile to attempt to derive the Tongan fortifications from Fijian 
examples or to suggest that the Tongans built the forts for the Samoans in Samoa, as has been argued 
by McKern (1929:81; see also criticism by Davidson 1974:241).
Dating the Tongan fortifications
Although most, if not all other fortifications visible in Tonga today date to the last period of civil 
warfare (1799-1852), one fortification definitely is older, that of the former capital of Mu’a (see 
above). On the available evidence, that it is of the same or a later date than the foundation of 
Lapaha and predated the land reclamation, this defence system dates to the 14th or 15th century AD. It 
could be that other fortifications of the 15th century or earlier have been obliterated by the com­
bined forces of erosion and continued gardening. Lapaha would be an exception because of the enormous 
size of its ditch, which is at 10-12 m wide and today up to 1.5 m deep.
Fortifications on Samoa also date mainly to the last century (Davidson 1974:241), although one example 
(SU-Lu-41, Luatuanu’u, Upolu) has been dated to 1500 ±80 BP (GaK-799; charcoal; Green & Davidson 
1974). Given the problems encountered with Gakushuin 14C dates (Kirch 1986), this result is poten­
tially unreliable. Ring-ditch fortifications on Taveuni (Frost 1974) have been dated to 700-800 BP. 
These dates are also from Gakushuin. In contrast, the Ulunikoro fortification on Lakeba has been 
reliably dated to 900-1030 BP (NZ laboratory, 11 dates; Best 1984: 129), indicating that Tongans, if 
need arose, may have been building fortifications as early as 1000 AD.
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Figure 9.17: Distribution of fortifications on Tongatapu. The numbers refer to table 9.5. Dots: round 
or oval-shaped fortifications; squares: rectangular fortifications; triangles: semicircular or D-
shaped fortifications; stars: fortifications of unknown shape. The continuous line indicates the
approximate position of the Keli-’a-Pelehake.
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Table 9.5: List o f fortifications on Tongatapu. Dimensions in m and area in m2. Note that a 
fortification does not necessarily coincide with the village o f the same name.
No. S i t e  no. N a m e O u t l i n e D i m e n s i o n s A r e a T y p e
1 T O - K a - 4 H a ' a t a f u  (?) r e c t a n g u l a r 80 x  1 90 1 , 5 2 0 D B X)
2 T O - K o - 4 K o l o h a u r e c t a n g u l a r 3 20 x  350 1 1 2 , 0 0 0 D 2 ) 2 B D
2 B D  J
3 T O - K o - 5 K o l o s i ' i r e c t a n g u l a r 1 20 x  2 00 2 4 , 0 0 0
4 T O - K o - 2 K o l o v a i c i r c u l a r 0 220 3 8 , 1 0 0
5 T O - K o - 1 T e ' e k i u r e c a n g u l a r 2 7 5 x  310 8 5 , 2 5 0 2 D 2 B
6 T O - M a - 1 F a h e f a c i r c u l a r 0 2 50 4 9 , 1 5 0 D B
7 T O - M a -8 N u k u n u k u r e c t a n g u l a r 150 x  150 2 2 , 5 0 0 D B
8 T O - M a - 9 H u l e r e c t a n g u l a r 2 5 0 x  2 5 0 6 2 , 5 0 0 2 D B
9 T O - H a - 1 H o u m a c i r c u l a r 0 300 7 0 , 8 0 0 D B
10 T O - L a - 1 M a n a h a u s u b r e c t a n g . 1 00 x  1 00 1 0 , 0 0 0 3D
11 T O - L a - 3 7 r e c t a n g u l a r 1 50 x  1 5 0 ? 2 2 , 5 0 0 D B
12 T O - H a - 2 ' U t u l a u  1 o v a l 1 90 x  2 3 0 - 3 4 , 8 0 0 D B
13 T O - H a -6 ' U t u l a u  2 r e c t a n g u l a r 100 x  150 1 5 , 0 0 0 D B
14 T O - P e - 7 P e a  ^ .
H a ' a t e i h o  '
s e m i c i r c u l . 580 x  370 2 5 0 , 0 0 0 D B
15 T O - P e - 1 1 r e c t a n g u l a r 400 x  400 1 6 0 , 0 0 0 D B
16 T O - A t - 3 0 P o u v a l u r e c t a n g u l a r 190 x 150 2 8 , 5 0 0 D B
17 T O - F o - 2 0 7 r e c a n g u l a r 150 x 1 5 0 ? 2 2 , 5 0 0 D B
18 T O - F o - 5 K o l o  F o l a h a o v a l 7 7 D
19 T O - F o - 7 7 r e c t a n g u l a r 7 7 D
20 T O - F o - 1 L o n g o terne (?) o v a l 310 7 5 , 1 0 0 D
21 T O - F o - 3 V a i n i  1 s e m i c i r c u l . 3 60 x  2 2 0 4 5 , 5 0 0 D B
22 T O - F o - 4 V a i n i  2 s e m i c i r c u l . 3 00 x 320 8 1 , 9 0 0 D B
23 T O - B e - 3 5 7 r e c t a n g u l a r ? 7 7 D B
24 T O - F u -8 9 F u a ' a m o t u  (?) c i r c u l a r 0 120 1 1 , 3 0 0 2 D B
25 T O - F u - 4 1 H a m u l a  ( f o r t  ?) 7 7 7 7
26 T O - F u - 3  9 H a m u l a  ( f ort ?) 7 7 7 7
27 T O - F u - 1 3 N a k o l o o v a l 70 x  90 2 0 , 0 0 0 2 D 2 B
28 T O - M u - 4 L a p a h a o p e n  r e c t . 4 00 x  5 50 2 2 0 , 0 0 0 D B
29 T O - M u -5 T a t a k a m o t o n g a i r r e g u l a r 7 7 D B
30 T O - M u - 7 2 K o l o t a u D - s h a p e d 120 x  70 5 , 7 0 0 D B
31 T O - N u -6 S i a - k o - V e i o n g o o v a l 7 7 7
32 T O - N u - 4 1 K o l o m o t u ' a  (?) r e c t a n g u l a r 400 x  4 00 1 6 0 , 0 0 0 D B
33 T O - N u - 7 M a ' o f a n g a r e c t a n g u l a r ? 7 7 7
34 N g e l e ' i a 7 7 o 7
Abbreviations: open rect. - rectangular fortification, open to one side; semicircul. - semicircular
fortification, open to one side. Type code: D - ditch, B - bank; 2D double ditch, 2B - double bank; etc. Notes: 
bank on the enemy side of the ditch; L’ banks on both the inner and outer sides of the ditch.
Development of fortifications
Given the paucity o f excavations (see Appendix 3), not much can be said at this stage o f work on the 
development o f fortifications. The typological difference between rectangular, circular and oval 
fortifications calls for explanation. Swanson (1968) has advanced the theory that rectangular
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fortifications were introduced by the missionaries, while the fortifications o f the non-Christian 
forces w ere round. She argues that straight-sided defences were o f use in gun warfare. However, the 
fortification o f M u ’a, which is certainly pre-m issionary, is rectangular.42^
The road network
T he earliest m ap o f the road system is provided by W ilson (1799:foldout)43), who m entions in the 
caption that the pattern o f the small roads is schematic (fig. 9.18). Even so, the general im pression it 
conveys is m ost probably correct: a netw ork o f small roads branching off the m ajor trunk road, which 
runs from the Kolovai/Kanokupolu peninsula via the Liahona area, Pea and Vaini to H eketa.44) M u ’a is 
not connected, but indicated on the m ap as the area where the langi ( ‘affiatooka') are. W ilson m entions 
in the caption to the m ap that the roads are between 1.8 and 3.6 m wide (‘6 to 12 fee t’) and bordered 
on both sides with reed fences (for a general im pression see the drawing m ade on D um ont d ’U rville’s 
voyage in 1826: fig. 7.2). A t intersections there were open, grass-covered spaces used for burials.45)
Reconstruction o f the old system based on modern maps
Since the know n stretches o f  the prehistoric road system (figure 9.19) closely resem ble the pattern of 
the m odem  one (see A ppendix 3), w hile one old road at least was in use during European times, it seems
42)
'  The technology of Western warfare, however, becomes apparent in the construction of ‘loopholes for 
musketry made of hollow wooden pipes’, which were placed in the walls (Erskine 1853:148; figure in Wilkes 1845: 
III 14). It seems that the banks of some fortifications were strengthened internally with wood constructions 
(cf. Erskine 1853: 148). This may well have been a reaction to the destructive effect of European
cannons, first
introduced by Finau ‘Ulukalala in his 1806 Tongatapu campaign. Despite such modifications to the forts, the 
shape seems not to have undergone dramatic changes like those described for New Zealand pa in the post-musket 
age (Davidson 1984:193; Groube 1970).
43  ^ The map was reproduced in several publications, with additions and omissions (cf. Vason 1810: opp 17; 
Farmer 1855: opp. 160). A similar map produced by E.Stanford in London 1840 (reprinted in Nicholson 1983:197) 
was independently drawn up probably on the basis of information from missionaries.
44^  Little information exists on travel time from one point on Tongatapu to another. Apparently it took Bays 
(1831:123) four hours to walk from Nuku’alofa to Mu’a (21 km), using the main road, which he describes as excel­
lent However, as we learn from the description by an officer on Pendleton’s vessel Oceanic, travel was not al­
ways via main road (quoted in Dumont d ’Urville 1835). Here a party travelled from the anchorage at Nuku’alofa to 
Hihifo via the coastal mudflats, which is described as tedious. Accounts by missionaries mention similar modes of travel.
45-* Compiled from Bays 1831:123; Cook 1777:1 194,213; 1969:246,252; Marra 1775:61; Martin 1817; Waldegrave 
1833:187; Wales 1969: 812; West 1865:44; Wilson 1799: foldout map.
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Figure 9.18: Schematic representation of the road network of Tongatapu in 1797. (After Wilson 1799).
reasonable to base the reconstruction of the main prehistoric road system on the modem system. 
Indeed, there is evidence that the existing, serviceable road system was upgraded in 1909 (?) (Fusitua 
& Rutherford 1977:187) to allow for regular wheeled transport.46) Discounting all straight roads, 
which appear to have been designed on a drawing board, like those built by US forces during World War 
II,47^  the system of major roads may have looked like that shown in figure 9.20.
46)
The German Schanz (1901:205) reports for 1899 that the roads in Nuku’alofa and in the country are very well 
designed, but due to the rain and humidity completely overgrown with grass. Schanz continues with a complaint 
that the roads are so muddy after rain that overland transport by cart is virtually impossible (ibid. 206). 
Baessler (1895:329) says that after heavy rain and traffic the roads went out of use for wheeled transport for 
months. Reeves (1898) supplies a map of the roads and tracks for the late 1890s and differentiates between 
Toads where vehicles can be driven in dry season’ and ‘horse and foot tracks’. The Toads’ shown by Reeves are 
the tarred roads of the road system of today. The only difference is the Alaki-Fua’amotu connection shown by 
Reeves, which today has partly been replaced by the Tuku’aho road running from Maiapo. It should also be noted 
that there are many fewer ‘horse tracks’ than there are bush roads today. Another map of the major roads at the 
turn of the century is supplied by Agassiz (1903: plate 215).
47)
Various new roads were constructed and existing ones widened and improved by the Americans during World War 
II (Anonymous nd: 22-9). All roads associated with the US Forces are generally very straight (the author, 
Anonymous nd, makes a point of this), paying no respect at all to sites like burial mounds: for example burial 
mound site TO-At-74 is now under the tarmac of a road in Ha’ateiho initially bulldozed by them.
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Figure 9.19: Distribution of archaeologically visible stretches of sunken roads.
Since the reconstruction of figure 9.20 represents the road system at the close of the 19th century and 
possibly also the pattern during the first half of the century, we can propose that it would tally 
with the distribution of the fortifications of that date. This is very likely since, already pointed 
out, many present-day villages have grown out of old fortifications. Network theory will be used to 
check whether this proposition is correct.
Network analysis
Network analysis has frequently been utilised in the reconstruction of relationships between 
prehistoric populations as inferred from archaeological sites (e.g. Irwin 1985; Hunt 1988b). Various 
propositions have been made, ranging from empirically well-founded gravity models to refined models 
influenced by social and societal parameters, such as the inclusion of dependent daughter settlements 
or hamlets which are tied politically to one entity. Following Hunt (1988:137), it is assumed that 
‘where interaction and movement of people take place over geographic distances, ... people tend, in 
general, to interact more with close neighbors, than with those located further away’.
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Figure 9.20: Reconstruction of the road system at the close of the 19th century (see text).
As stressed in the analysis o f the mound distribution in chapter 5, any graph theoretical analysis 
assumes that the entity of sites is absolute, that all sites belonging to the network are known. This 
assumption may not hold true archaeologically, as not all sites may have been found. Another problem 
inherent in the network analysis of archaeological data sets is whether the sites investigated are 
synchronous or not. In an island situation, of course, there is the additional factor of transport by 
water.48) Since the network analysis relates to the road system, however, it is posited that transport 
was conducted by land.
It should be noted that graph theory at the level used in this modelling is confined to the major 
places (fortifications) as node points. The pattern that emerges will only represent the high-level 
road network, such as highways and arterial roads. Low-level roads, such as feeder and access roads, 
will not be included.
48) European sources give evidence of the mode of transport Erskine (1853:139) mentions a canoe with 60-70 
people on board leaving Nuku’alofa for Mu’a. This mode of travel was not necessarily faster, especially in 
adverse weather. In his biography of Revd. J.Thomas, Rowe (1885:24) mentions an instance when a canoe trip from 
Nuku’alofa to Maria Bay (i.e. Kanokupolu) took three days.
Chapter 9: Political centres in space and time • 488
Figure 9.21: Road network as reconstructed from third proximal point analysis (see text).
Network analysis of the fortifications
Third proximal point analysis: One graph-theoretical method based on gravity assumptions is the third 
proximal point analysis (Terrell 1977:37; Hunt 1988). In this method lines are drawn from each point 
to its three nearest neighbours.49) A third proximal point analysis of the fortifications shows that 
they can be linked in four systems (figure 9.21): a large system connecting most of the fortifications 
in the western part of Tongatapu; a system on the Nuku’alofa-Ma’ofanga peninsula; a system connecting 
sites at the eastern part of the lagoon; and a small system in the southeastern part of the island. An 
adjacent connectivity matrix, showing whether the nodes in a network would be connected or not, 
appears in table 9.9. Since in the model the three nearest places have been connected, major node 
points in the network are defined as those points which have four connections, central nodes as those 
which have more than four. On the assumption that it would run through the major and the central node 
points, the resulting major road connection, the ‘Tongatapu highway’, would look as in figure 9.22. The
This number is chosen arbitrarily and could be increased to the fourth or fifth nearest neighbour.49)
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Figure 9.22: Road network as reconstructed from third proximal point analysis (see text). The central
node points are connected.
highway runs from Fo’ui (3; the numbers refer to fig. 9.17) via Te’ekiu (4/5) and Hule (8) to the 
fortification near Liahona (11) and then the fort east of ‘Utulau (13), whence, possibly via Ha’ateiho 
(16), to Vaini (21/22) and the fortification south of the Prison Farm (23), with possible connections 
to Mu’a (3) and Fua’amotu (24).
Minimum spanning tree: While the third proximal point analysis shows that the central road connecting 
the east with the west of Tongatapu can be reconstructed by a network-theoretical approach, it may be 
possible to refine the approach to provide evidence for a road network, as opposed to a central high­
way. Following Kransky’s (1963) exercise of postdating the evolution of the Sicilian railroad network, 
we can construct a road network using the minimum spanning tree (MST). This establishes the shortest 
path through the network with the least number of links. First, each node is connected with its nearest 
neighbour. The resulting subgraphs are then linked with their respective nearest neighbouring sub­
graphs, until all nodes are connected (Haggett et. al. 1977a: 80). Such a MST for the fortifications is 
produced in figure 9.23. The road network thus constructed has a basic resemblance to the previous
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Figure 9.23: Road network as reconstructed by a minimum spanning tree (see text).
system, with a central highway running west to east, and is astonishingly similar to the network shown 
on a map of the 1840s.50)
Weighted minimum spanning tree’. Both previous models are based on the proposition that all sites are 
equally important. In reality this is obviously not the case, as some places have a greater population 
than others. In addition, the social and societal rank o f the chief o f a given village or 
fortification needs to be taken into account. If we alter the weighting of the places, the network is 
changed, as short-path connections with the more important places are pre-eminent. Table 9.6 shows the 
frequency with which places on Tongatapu are mentioned by European observers of the 18th and 19th cen-
A map, most probably based on the reports of missionaries, was produced by E.Stanford in London in 1840 
(reprinted in Nicholson 1983:197). It shows the central highway running from Hihifo to ‘Peleamahou’, via Tekiou 
(Te’ekiu), Manahaou (Manahau, a tract near Fatai; Gifford 1923: 152), Bea (Pea), Olonha (Holonga) and Moa 
(Mu’a), with the villages clearly marked by small circles. A feeder road branches off the highway between 
Te’ekiu and Manahau to connect with Oule (Kolo Hule). A very similar map was published as an insert to the 
Pacific map in the German Stieler’s Handatlas of 1886 (Sheet 76; loose map sheet in possession of author). The 
road shown also runs from Hifo to ‘Paleamahu’ (German spelling), but goes via Fohui (Fo’ui), Tekiu (Te’ekiu), Ule 
(Hule), Manahau, Bea (Pea), Uaini (Vaini) and Mu’a. A feeder road branches off between Vaini and Mu’a to connect 
to Olonha (Holonga). This map is obviously a copy of the Stanford one, as Hule was destroyed and the entire population 
slaughtered on 25 January 1837. It was never resettled.
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Figure 9.24: Road network as reconstructed by a weighted minimum spanning tree (see text).
turies. If we assign a comparatively high weighting to the fortifications of Kolovai (2; numbers 
refer to figure 9.17), Houma (9), Pea (14), Fatai (21/22), M u’a (30) and Nuku’alofa51) (31/32), given 
their importance during the Civil Wars, then the minimum spanning tree model of figure 9.23 becomes 
altered to figure 9.26. The main new features are a southern road, running parallel to the liku coast 
from ‘Utulau to Ha’utu and on to Fo’ui, and a northern road, running from Nuku’alofa to Nukunuku and 
then also to Fo’ui. On the whole, the picture from the weighted minimum spanning tree resembles the 
modem network.
Linked weighted spanning trees: The weighted minimum spanning tree still shows various cul-de-sacs, 
which obstruct traffic flow, such at Fua’amotu and in the Vaini area. In addition, further linkages in 
the Pea and Fo’ui areas are needed (figure 9.25). In a final stage of network construction, the traffic 
flow running through the individual links needs to be considered. Some of the connections in the 
western part of the island, such as between Nuku’alofa and Houma, appear to be clumsy and can be
51^  The concentration of missionary efforts at Nuku’alofa in the 1830s, coupled with the deep-water conditions 
there, permitting easy access by European ships, caused its rise to its present pre-eminence.
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Figure 9.25: Road network as reconstructed by a linked weighted minimum spanning tree (see text).
resolved more efficiently. Under the proposition that the road connections between major centres are 
to be kept short, the graph provides a detour to lead the connection between Vaini and Mu’a via the 
fortification south of the Prison Farm (23). It is more realistic to propose an arterial road running 
from the fortification south of the Prison Farm to a node at a shortest-path highway connecting these 
two places (figure 9.26).
Comparison of the efficiency of the network models: The degree of efficiency of a network can be 
measured by various parameters outlined in table 9.7 (after Kransky 1963). Kransky argues that the 
more developed the network, the more road connections exist (high ß). The y index specifies the ratio 
of the actual number of links to the number of nodes and provides a measure of the degree of 
connectivity. Again, the higher the y  index, the better connected the network. The more nodes are 
included in a straight line within the network, that is the more the network is broken into small 
links, the more urban the network becomes (rj becomes smaller). The 0 index (transportation flow) 
cannot be calculated, as no data on people’s movements exist for Tongatapu. The road-network
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Table 9.6: Place names on Tongatapu mentioned in European records 1774-1860.
1 C D E F G H I J K L M N 0 p Q R s
Holifua 1 X 1 1 X 1 1 1 1 1 1 1 1 i 1 1 1 1 1
Ha'atafu 1 1 X 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Tokomololo 1 1 1 X 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Valu 1 1 1 X 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ha'ateiho 1 1 1 X 1 X I 1 1 1 X 1 1 1 1 1 1 1 1 1
Ma'ofanga 1 1 X 1 1 X 1 X 1 X 1 X 1 X 1 1 1 X 1 1 1 1 1 1 X
Mu' a 1 X 1 1 X 1 X 1 X 1 X 1 1 X 1 X 1 X 1 X 1 X 1 1 X 1 1 X 1 X
Hihifo 1 X 1 1 X 1 X i X 1 X 1 1 X 1 t X 1 1 X 1 X 1 X 1 X 1 1 X
Nuku'alofa 1 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 1 X 1
Pea 1 1 1 1 1 X 1 1 1 7 1 1 X 1 X 1 X 1 X 1 X 1 1 X 1 X
Nukunuku 1 1 1 1 1 X 1 1 1 X i 1 1 1 X 1 X 1 1 1 X 1
Hule 1 1 1 1 1 1 1 X 1 X 1 1 1 1 X 1 1 1 1 1 X
Ha'asini 1 1 i 1 1 1 1 1 X 1 1 1 1 1 1 1 1 1
Hoi 1 1 1 1 1 1 1 1 X 1 1 1 1 1 1 1 1 1
Nukuleka 1 1 1 1 1 1 1 1 X 1 1 1 1 1 1 1 1 1
Tahagehapai 1 1 1 1 1 1 1 1 X 1 1 1 1 1 1 1 1 1
Tatakamotonga 1 1 1 1 1 1 1 X 1 1 1 1 1 1 1 1 1
Utulau 1 1 1 1 1 1 1 1 X 1 1 1 1 1 1 1 1 1
Talafou 1 1 1 1 1 1 1 1 X 1 1 X 1 1 1 1 1 1 1
Fo' ui 1 1 1 1 1 1 1 1 X 1 1 X 1 X 1 1 1 1 1 1
Kolonga 1 1 1 1 1 1 1 1 X 1 1 1 1 1 X 1 1 1 1
Fahefa 1 1 1 1 1 1 1 1 X 1 1 1 X 1 1 1 X 1 1 1
Holonga 1 1 1 1 1 1 1 X 1 1 1 1 1 1 X 1 1 1 X
Te'ekiu 1 1 1 1 1 1 1 1 X 1 1 X 1 1 X 1 X 1 1 1 X 1 X
Houma 1 1 1 1 1 1 1 1 X 1 1 1 1 X 1 X 1 X 1 X 1 X 1
Fua'amotu 1 1 1 1 1 1 1 1 X 1 1 1 1 1 1 1 1 X 1
Vaini 1 1 1 1 1 1 1 1 X 1 1 1 1 1 X 1 1 1 X 1
Havelu 1 1 1 1 1 1 1 1 1 1 X 1 1 1 1 1 1 1
Matahau 1 1 1 1 1 1 1 1 1 1 X 1 1 X 1 X 1 1 1 ■ 1 X
Ngeleia 1 1 1 1 1 1 1 1 1 1 1 1 X ! X 1 1 1 1
Fatai 1 1 1 1 1 1 1 1 1 1 1 i X 1 X 1 1 1 1
Hoofoa 1 1 1 1 1 1 1 1 1 1 1 1 X 1 X 1 1 1 1
Folaha 1 1 1 1 1 1 1 1 1 1 1 1 1 X 1 1 1 1
Ha'afeva 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X 1 1 1
Oleva 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X
Peleamahou 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X
Source-Codes: C - Cook 1772-77; D - Labillardiere 1793; E - Wilson 1797; F - Vason 1797-1801; G - Mariner 
1806-10; H - Lawry, Mary 1822-23; I - Dillon 1823; J - Beveridge 1824; K - Bays 1830; L - Thomas 1833; 
M - Wilkes 1840; N - missionaries 1824-40; O - missionaries 1840-60; P - Lawry, Walter 1847; Q - 
Erskine 1849; R - Thomas nd; S - map by Stanford 1840.
reconstructions based on non-straight roads fare better in the comparison displayed in table 9.8, 
mainly due to the fact that low-level roads are also included. The shape index k, based on maximum 
mileage divided by the maximum diameter (Mg) of the network, is another measure of the development of 
the network. The higher k, the more one can move in any direction.
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Figure 9.26: Road network as reconstructed by a linked weighted minimum spanning tree, taking traffic
flow into account (see text).
Table 9.7: Measurements of efficiency of a road network (after Kranksy 1963).
a: ( a  = E - v + p/[v {v-1 }/2]) provides the ratio of observed circuits and the maximum number of circuits, 
ß: (ß = E/v) expresses the connectivity of the individual network.
5: (8 = max.^. (s(ij)}) describes the diameter of the network.
y. (y = 2E/v[v-l]e) gives the ratio between the edges and vertices of a network.
rj: (T| = MyE) gives the length of the average link in the network.
7i: (7t = M^ TMg) is the shape index of the network.
where s(i j )  stands for the shortest path between points i and j, E is the number of edges (links) v the number 
of vertices (nodes), p the number of isolated subgraphs, M the total mileage of the road network and M- the 
total distance of the network’s diameter.
The network analysis has shown that the present and, as far as the evidence is there, archaeological 
road network can be postdicted by the distribution of the fortifications. This discovery has a major 
implication. On the one hand, a road network is commonly constructed between population centres, with
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Table 9.8: Parameters and statistical values of variously reconstructed road networks on Tongatapu.
NETWORK V E P M
8
a P Y 5 K
TPP 34 49 4 241 885 0.0339 1.44 95.12 14 18.06 3.67
MST 34 33 1 268 420 0.0000 0.97 64.06 20 12.73 1.57
WMST 34 37 1 239 601 0.0071 1.09 71.82 16 16.24 2.51
WMST L 34 41 1 228 656 0.0143 1.21 79.59 14 16.00 2 . 8 8
Road 1 38 58 1 260 1162 0.0299 1.53 112.95 14 20.03 4.47
Road 2 38 58 1 291 1162 0.0299 1.53 112.95 14 20.03 3.99
Abbreviations: TPP - third proximal point; MST - minimum spanning tree; WMST - weighted minimum spanning tree; 
WMST L - weighted minimum spanning tree with added links; Road 1 represents the road system reconstructed on the 
assumption that the modem road system is parallel to the prehistoric one and that the furthest 
distance travelled in the network is from Ha’atafu to Fua’amotu; Road 2 - as road 1, but the furthest distance 
to be travelled is from Ha’atafu to the Ha’amonga.
an emphasis on centres with the highest numbers or the greatest amount of goods or people to be moved. 
On the other hand, population centres are known to develop in response to a network, preferably at its 
node points. The question thus posed is whether the road network predates the fortifications or 
whether the latter are earlier, alternatively, and most probably, it is possible that both developed in 
conjunction with each other.
Given the elongated nature of Tongatapu, the land-transport is necessarily largely linear and a central 
highway can be expected even if there are no villages. This is the situation depicted by Wilson in 
1799. Since the network id linear, a node located in the middle of the array is favoured. This is even 
more the case since the central area of Tongatapu is deeply indented by the lagoon, so that all traffic 
has to pass though a comparatively narrow strip of land. The adjacency connectivity arrays and the 
shortest-path connectivity arrays (tables 9.9 and 9.11) indicate that node 17, a fortification south of 
the Foloha peninsula, is the best-connected node point. However, node 17 has never been a political 
centre of any standing, which clearly indicates that factors other than pure abstract network connec­
tivity are involved.
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Table 9.9: Adjacency connectivity matrix for the fortifications on Tongatapu. 1 denotes the presence 
of a connection in the third proximal point analysis, 0 denotes its absence.
1 2 3 4 5 6 7 8 9 1C 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
1 i - 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 I i - 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 | i 1 - 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 i 0 1 - 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 I 0 1 1 1 - 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 1 c 0 1 1 1 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 1 0 0 0 1 1 0 - 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 I 0 0 0 0 0 0 1 - 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 1 c 0 0 0 0 0 0 1 - 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 | 0 0 0 0 0 0 1 1 0 - 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 1 0 0 0 0 0 0 0 1 1 1 - 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 | 0 0 0 0 0 0 0 0 1 0 1 - 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0
13 | 0 0 0 0 0 0 0 0 0 0 0 1 - 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 | 0 0 0 0 0 0 0 0 0 0 0 0 1 - 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 I c 0 0 0 0 0 0 0 0 0 0 0 1 1 - 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16  | 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
18 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 - 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19  | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 - 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
20 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 - 1 1 1 0 0 0 0 0 0 0 0 0 0 0
21 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 - 1 0 0 0 0 0 0 0 0 0 0 0 0
22 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 - 1 0 0 0 0 0 0 0 0 0 0 0
23 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 - 0 0 0 0 1 1 1 0 0 0 0
24 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 1 1 1 0 0 0 0 0 0 0
25 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 - 1 1 0 0 0 0 0 0 0
26  | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 - 1 0 0 0 c 0 0 0
27 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 - 0 0 0 0 0 0 0
28 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 - 1 1 0 0 0 0
29  | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 - 1 0 0 0 0
30 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 - 0 0 0 0
31 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 _ 1 i 1
32 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 - 1 1
33 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 - 1
34 |
______ I
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 -
S u m  | 3 3 5 6 5 4 4 4 3 3 4 3 4 3 3 3 3 3 6 4 3 5 5 3 3 3 3 3 3 3 3 3 3 3
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Table 9.10: Short-path connectivity matrix for the fortifications on Tongatapu. The four subgraphs have 
not been joined.
I I  2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
1 1 X 1 2 3 3 3 4 5 6 6 6 7 8 9 9 9 - - - - - - - - - - - - - - - - - -
2 1 1 X 1 2 2 2 3 4 5 5 5 6 7 8 8 8 - - - - - - - - - - - - - - - - - -
3 1 2 1 X 1 1 1 2 3 4 4 4 5 6 7 7 7 - - - - - - - - - - - - - - - - - -
4 1 3 2 1 X 1 1 1 2 3 3 3 4 5 6 6 6 - - - - - - - - - - - - - - - - - -
5 1 3 2 1 1 X 1 1 2 3 3 3 4 5 6 6 6 - - - - - - - - - - - - - - - - - -
6 1 3 2 1 1 1 X 2 3 4 4 4 5 6 7 7 7 - - - - - - - - - - - - - - - - - -
7 1 4 3 2 1 1 2 X 1 2 2 2 3 4 5 5 5 - - - - - - - - - - - - - - - - - -
8 1 5 4 3 2 2 3 1 X 1 1 1 2 3 4 4 4 - - - - - - - - - - - - - - - - - -
9 1 6 5 4 3 3 4 2 1 X 2 1 1 2 3 3 3 - - - - - - - - - - - - - - - - - -
10 1 6 5 4 3 3 4 2 1 2 X 1 2 3 4 4 4 - - - - - - - - - - - - - - - - - -
11 1 6 5 4 3 3 4 2 1 1 1 X 1 2 3 3 3 - - - - - - - - - - - - - - - - - -
12 1 7 6 5 4 4 5 3 2 1 2 1 X 1 2 2 2 - - - - - - - - - - - - - - - - - -
13 1 8 7 6 5 5 6 4 3 2 3 2 1 X 1 1 1 - - - - - - - - - - - - - - - - - -
14 1 9 8 7 6 6 7 5 4 3 4 3 2 1 X 1 1 - - - - - - - - - - - - - - - - - -
15 1 9 8 7 6 6 7 5 4 3 4 3 2 1 1 X 1 - - - - - - - - - - - - - - - - - -
1 6 I 9 8 7 6 6 7 5 4 3 4 3 2 1 1 1 X - - - - - - - - - - - - - - - - - -
1 7 I - - - - - - - - - - - - - - - - X 1 1 2 2 1 2 - - - - 3 3 3 - - - -
1 8 I - - - - - - - - - - - - - - - - 1 X 1 1 2 2 2 - - - - 3 3 3 - - - -
1 9 I - - - - - - - - - - - - - - - - 1 1 X 1 2 1 2 - - - - 2 2 2 - - - -
2 0 I - - - - - - - - - - - - - - - - 2 1 1 X 1 1 1 - - - - 3 3 3 - - - -
2 1 I - - - - - - - - - - - - - - - - 2 2 1 1 X 1 2 - - - - 2 2 2 - - - -
2 2 I - - - - - - - - - - - - - - - - 1 2 1 1 1 X 1 - - - - 2 2 2 - - - -
2 3 I - - - - - - - - - - - - - - - - 2 2 1 2 1 1 X - - - - 1 1 1 - - - -
2 4 I - - - - - - - - - - - - - - - - - - - - - - - X 1 1 1 - - - - - - -
2 5 I - - - - - - - - - - - - - - - - - - - - - - - 1 X 1 1 - - - - - - -
2 6 I - - - - - - - - - - - - - - - - - - - - - - - 1 1 X 1 - - - - - - -
2 7 I - - - - - - - - - - - - - - - - - - - - - - - 1 1 1 X - - - - - - -
2 8 I - - - - - - - - - - - - - - - - 3 3 2 3 2 2 1 - - - - X 1 1 - - - -
2 9 I - - - - - - - - - - - - - - - - 3 3 2 3 2 2 1 - - - - 1 X 1 - - - -
3 0 I - - - - - - - - - - - - - - - - 3 3 2 3 2 2 1 - - - - 1 1 X - - - -
3 1 I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X 1 1 1
3 2 I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 X 1 1
3 3 I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 1 X 1
3 4 | - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 1 ! X
3 3 5 6 5 4 4 4 3 3 4 3 4 3 3 3 3 3 6 4 3 5 5 3 3 3 3 3 3 3 3 3 3 3Sum
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Table 9.11: Short-path connectivity matrix for the fortifications on Tongatapu. The four subgraphs have 
been joined using the nearest neigbouring points.
I 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4
1 1 x 1 2 3 3 3 4 5 6 6 6 7 8 9 9 9 1 0 1 1 1 1 1 2 1 2 1 1 1 2 1 3 1 4 1 4 1 4 1 3 1 3 1 3 ] 1 1 0 1 1 1 1
2 I 1 X 1 2 2 2 3 4 5 5 5 6 7 8 8 8 9 1 0 1 0 1 1 1 1 1 0 1 1 1 2 1 3 1 3 1 3 1 2 1 2 1 2 1 0 9 1 0 1 0
3 1 2 1 X 1 1 1 2 3 4 4 4 5 6 7 7 7 8 9 9 1 0 1 0 9 1 0 1 1 1 2 1 2 1 2 1 1 1 1 1 1 9 8 9 9
4 I 3 2 1 X 1 1 1 2 3 3 3 4 5 6 6 6 7 8 8 9 9 8 9 1 0 1 1 1 1 1 1 1 0 1 0 1 0 8 7 8 8
5 1 3 2 1 1 X 1 1 2 3 3 3 4 5 6 6 6 7 8 8 9 9 8 9 1 0 1 1 1 1 1 1 1 0 1 0 1 0 8 7 8 8
6 1 3 2 1 1 ]_ X 2 3 4 4 4 5 6 7 7 7 8 9 9 1 0 1 0 9 1 0 1 1 1 2 1 2 1 2 1 1 1 1 1 1 9 8 9 9
7 1 4 3 2 1 1 2 X 1 2 2 2 3 4 5 5 5 6 7 7 8 8 7 8 9 1 0 1 0 1 0 9 9 9 7 6 7 7
3 1 5 4 3 2 2 3 1 X 1 1 1 2 3 4 4 4 5 6 6 7 7 6 7 8 9 9 9 8 8 8 6 5 6 6
9 1 6 5 4 3 3 4 2 1 X 2 1 1 2 3 3 3 4 5 5 6 6 5 6 7 8 8 8 7 7 7 5 4 5 5
1 0 1 6 5 4 3 3 4 2 1 2 X 1 2 3 4 4 4 5 6 6 6 6 6 6 7 8 8 8 7 7 7 6 5 6 6
1 1 1 6 5 4 3 3 4 2 1 1 1 X 1 2 3 3 3 4 5 5 6 6 5 6 7 8 8 8 7 7 7 5 4 5 5
1 2 | 7 6 5 4 4 5 3 2 1 2 1 X 1 2 2 2 3 4 4 5 5 4 5 6 7 7 7 6 6 6 4 3 4 4
1 3 1 8 7 6 5 5 6 4 3 2 3 2 1 X 1 1 1 2 3 3 4 4 3 4 5 6 6 6 5 5 5 3 2 3 3
1 4 1 9 8 7 6 6 7 5 4 3 4 3 2 1 X 1 1 2 3 3 4 4 3 4 5 6 6 6 5 5 5 2 1 2 2
1 5 1 9 8 7 6 6 7 5 4 3 4 3 2 1 1 X 1 2 3 3 4 4 3 4 5 6 6 6 5 5 5 3 2 3 3
1 6 1 9 8 7 6 6 7 5 4 3 4 3 2 1 1 1 X 1 2 2 3 3 2 3 4 5 5 5 4 4 4 4 3 4 4
1 7 1 1 0 9 8 7 7 8 6 5 4 5 4 3 2 2 2 1 X 1 1 2 2 1 2 3 4 4 4 3 3 3 5 4 5 5
1 8 1 1 1 1 0 9 8 8 9 7 6 5 6 5 4 3 3 3 2 1 X 1 1 2 2 2 3 4 4 4 3 3 3 6 5 6 6
1 9 1 1 1 1 0 9 8 8 9 7 6 5 6 5 4 3 3 3 2 1 1 X 1 2 1 2 3 4 4 4 2 2 2 6 5 6 6
2 0 1 1 2 1 1 1 0 9 9 1 0 8 7 6 7 6 5 4 4 4 3 2 1 1 X 1 1 1 2 3 3 3 3 3 3 7 6 7 7
2 1 1 1 2 1 1 1 0 9 9 1 0 8 7 6 7 6 5 4 4 4 3 2 2 1 1 X 1 2 3 4 4 4 2 2 2 7 6 7 7
2 2 1 1 1 1 0 9 8 8 9 7 6 5 6 5 4 3 3 3 4 1 2 1 1 1 X 1 2 3 3 3 2 2 2 6 5 6 6
2 3 1 1 2 1 1 1 0 9 9 1 0 8 7 6 7 6 5 4 4 4 3 2 2 1 2 X 1 2 2 2 1 1 1 7 6 7 7
2 4 1 1 3 1 2 1 1 1 0 1 0 1 1 9 8 7 8 7 6 5 5 5 4 3 3 2 3 2 2 1 X 1 1 1 2 2 2 8 7 3 8
2 5 1 1 4 1 3 1 2 1 1 1 1 1 2 1 0 9 8 9 8 7 6 6 6 5 4 4 3 4 3 3 2 i_ X 1 i 3 3 3 9 8 9 9
2 6 1 1 4 1 3 1 2 1 1 1 1 1 2 1 0 9 8 9 8 7 6 6 6 5 4 4 3 4 3 3 2 i 1 X l 3 3 3 9 8 9 9
2 7 1 1 4 1 3 1 2 1 1 1 1 1 2 1 0 9 8 9 8 7 6 6 6 5 4 4 3 4 3 3 2 i 1 1 X 3 3 3 9 8 9 9
2 8 1 1 3 1 2 1 1 1 0 1 0 1 1 9 8 7 8 7 6 5 5 5 2 3 3 2 3 2 2 1 2 3 3 3 X 1 8 7 8 8
2 9 1 1 3 1 2 1 1 1 0 1 0 1 1 9 8 7 8 7 6 5 5 5 2 3 3 2 3 2 2 1 2 3 3 3 1 X 1 8 7 8 8
3 0 1 1 3 1 2 1 1 1 0 1 0 1 1 9 8 7 8 7 6 5 5 5 2 3 3 2 3 2 2 1 2 3 3 3 1 1 X 8 7 8 8
3 1 1 1 1 1 0 9 8 8 9 7 6 5 6 5 4 3 2 3 4 5 6 6 7 7 6 7 8 9 9 9 8 8 8 X \ 1
3 2 1 1 1 1 0 9 8 3 9 7 6 5 6 5 4 3 2 3 4 5 6 6 7 7 6 7 8 9 9 9 8 8 8 1 X i 1
3 3 1 1 0 9 8 7 7 8 6 5 4 5 4 3 2 1 2 3 4 5 5 6 6 5 6 7 8 8 8 7 7 7 1 1 X 1
3 4 1 1 1 1 0 9 8 8 9 7 6 5 6 5 4 3 2 3 4 5 6 6 7 7 6 7 8 9 9 9 3 8 8 1 1 1 X
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Table 9.12: Distance matrix for the fortifications on Tongatapu. The distances are measured in 
arbitrary map units, where one map unit equals ~0.15km
1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1
l -
1 0 25 37 49 49 57 63 74 90 85 95 1 1 2 1 2 7 1 4 3 1 4 3 1 4 3 1 6 8
2 1 2 5 0 12 24 24 34 38 49 65 60 70 87 1 0 2 1 1 8 1 1 8 11 8 1 4 3
3 1 37 12 0 12 12 22 2 6 37 53 48 58 75 90 1 0 6 1 0 6 1 0 6 1 3 1
4 1 49 24 12 0 2 12 14 25 41 36 46 63 78 94 94 94 1 1 9
5 1 49 24 12 2 0 10 14 25 41 36 46 63 78 94 94 94 1 1 9
6 1 57 34 22 12 10 0 24 35 25 46 56 73 88 1 0 4 1 0 4 10 4 1 2 9
7 1 63 38 26 14 14 24 0 11 27 22 33 50 65 81 81 81 1 0 6
8 1 74 49 37 25 25 35 11 0 23 12 21 38 53 69 69 69 94
9 1 90 65 53 41 41 2 5 27 23 0 35 22 24 39 55 55 55 80
10 1 85 60 48 36 36 46 22 12 35 0 18 35 50 66 66 66 91
11 1 95 70 58 46 46 56 33 21 22 18 0 17 32 48 48 48 73
12 1 1 1 2 87 75 63 63 73 50 38 24 35 17 0 15 31 31 31 56
13 1 1 2 7 1 0 2 90 78 78 88 65 53 39 50 32 15 0 16 16 16 41
14 1 1 4 3 1 1 8 1 0 6 94 94 1 0 4 81 69 55 66 48 31 16 0 2 4 29
15 1 1 4 3 1 1 8 1 0 6 94 94 1 0 4 81 69 55 66 48 31 16 2 0 2 27
16 1 1 4 3 1 1 8 1 0 6 94 94 1 0 4 81 69 55 66 48 31 16 4 2 0 25
17 1 1 6 8 1 4 3 1 3 1 1 1 9 1 1 9 1 2 9 1 0 6 94 80 91 73 56 41 2 9 27 25 0
18 1 1 7 1 1 4 6 1 3 4 1 2 2 12 2 1 3 2 1 0 9 97 83 94 76 59 44 32 30 28 3
19 1 1 7 2 1 4 7 1 3 5 1 2 3 1 2 3 1 3 3 1 1 0 98 84 95 77 60 45 33 31 29 3
20 1 1 8 0 1 5 5 1 4 3 1 3 1 1 3 1 1 4 1 1 1 8 1 0 6 92 1 0 3 85 68 53 41 39 37 12
21 1 1 7 5 1 5 0 1 3 8 1 2 6 1 2 6 1 3 6 1 1 3 1 0 1 87 98 80 63 48 36 34 32 7
22 i 1 7 3 1 4 8 1 3 6 1 2 4 12 4 1 3 4 1 1 1 99 85 96 78 61 46 34 32 30 5
23 1 1 9 1 1 6 6 1 5 4 1 4 2 1 4 2 1 5 2 1 2 9 1 1 7 1 0 3 1 1 4 96 79 64 52 50 48 23
24 1 2 2 5 2 0 0 1 8 8 1 7 6 1 7 6 1 8 6 1 6 3 1 5 1 1 3 7 1 4 8 1 3 0 1 1 3 98 86 84 82 57
25 1 2 4 0 2 1 5 2 0 3 1 9 1 1 91 2 0 1 1 7 8 1 6 6 1 5 2 1 6 3 1 4 5 1 2 8 1 1 3 1 0 1 99 97 72
26 1 2 3 9 2 1 4 2 0 2 1 9 0 1 90 2 0 0 1 7 7 1 6 5 1 5 1 1 6 2 1 4 4 1 2 7 1 1 2 1 0 0 98 96 71
27 1 2 4 2 2 1 7 2 0 5 1 9 3 1 9 3 2 0 3 1 8 0 1 6 8 1 5 4 1 6 5 1 4 7 1 3 0 1 1 5 1 0 3 1 0 1 99 74
28 I 2 2 9 2 0 4 1 9 2 1 8 0 1 8 0 1 9 0 1 6 7 1 5 5 1 4 1 1 5 2 1 3 4 1 1 7 1 0 2 90 88 86 61
29 1 2 3 1 2 0 6 1 9 4 1 8 2 1 8 2 1 9 2 1 6 9 1 5 7 1 4 3 1 5 4 1 3 6 1 1 9 1 0 4 92 90 88 63
30 1 2 3 3 2 0 8 1 9 6 1 8 4 1 8 4 1 9 4 1 7 1 1 5 9 1 4 5 1 5 6 13 8 1 2 1 1 0 6 94 92 90 65
31 1 1 8 0 1 5 5 1 4 3 1 3 1 1 3 1 1 4 1 1 1 8 1 0 6 92 1 0 3 85 68 53 39 37 38 41
32 1 1 7 5 1 5 0 13 8 1 2 6 1 2 6 1 3 6 1 1 3 1 0 1 87 98 80 63 48 34 32 33 36
33 1 1 8 1 1 5 6 1 4 4 1 3 2 1 3 2 1 4 2 1 1 9 1 0 7 93 1 0 4 86 69 54 40 38 39 42
34 1 1 9 5 1 7 0 15 8 1 4 6 1 4 6 1 5 6 1 3 3 1 2 1 1 0 7 1 1 8 1 0 0 83 68 54 52 53 56
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Table 9.12 (ct’d ) : Short-path connectivity matrix for the fortifications on Tongatapu.
1
I L
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
1 1 1 7 1 1 7 2 1 8 0 1 7 5 1 7 3 1 9 1 2 2 5 2 4 0 2 3 9 2 4 2 2 2 9 2 3 1 2 3 3 18 0 1 7 5 1 8 1 1 9 5
2 1 1 4 6 1 4 7 1 5 5 1 5 0 1 4 8 1 6 6 2 0 0 2 1 5 2 1 4 2 1 7 2 0 4 2 0 6 2 0 8 1 5 5 1 5 0 1 5 6 1 7 0
3 1 1 3 4 1 3 5 1 4 3 1 3 8 1 3 6 15 4 1 8 8 2 0 3 2 0 2 2 0 5 1 9 2 1 9 4 1 9 6 1 4 3 1 3 8 1 4 4 1 5 8
4 1 1 2 2 1 2 3 1 3 1 1 2 6 1 2 4 1 4 2 1 7 6 1 9 1 1 9 0 1 9 3 1 8 0 1 8 2 1 8 4 1 3 1 1 2 6 1 3 2 1 4 6
5 1 1 2 2 1 2 3 1 3 1 1 2 6 1 2 4 1 4 2 1 7 6 1 9 1 1 9 0 1 9 3 1 8 0 1 8 2 1 8 4 1 3 1 1 2 6 1 3 2 1 4 6
6 1 1 3 2 1 3 3 1 4 1 1 3 6 1 3 4 1 5 2 1 8 6 2 0 1 2 0 0 2 0 3 1 9 0 1 9 2 1 9 4 1 4 1 1 3 6 1 4 2 1 5 6
7 I 1 0 9 1 1 0 1 1 8 1 1 3 1 1 1 1 2 9 1 6 3 1 7 8 1 7 7 1 8 0 1 6 7 1 6 9 1 7 1 1 1 8 1 1 3 1 1 9 1 3 3
8 1 97 98 1 0 6 1 0 1 99 1 1 7 1 5 1 1 6 6 1 6 5 1 6 8 1 5 5 1 5 7 1 5 9 1 0 6 1 0 1 1 0 7 1 2 1
9 1 8 3 84 92 87 85 1 0 3 1 3 7 1 5 2 1 5 1 1 5 4 1 4 1 1 4 3 1 4 5 92 87 93 1 0 7
10 1 94 95 1 0 3 98 96 1 14 1 4 8 1 6 3 1 6 2 1 6 5 1 5 2 1 5 4 1 5 6 1 0 3 98 1 0 4 1 1 8
11 1 7 6 77 85 80 78 96 1 3 0 1 4 5 1 4 4 14 7 1 3 4 1 3 6 1 3 8 85 80 86 1 0 0
12 1 5 9 60 68 63 61 79 1 1 3 1 2 8 1 2 7 1 3 0 1 1 7 1 1 9 1 2 1 68 63 69 83
13 1 44 45 53 48 46 64 98 1 1 3 1 1 2 1 1 5 1 0 2 1 0 4 1 0 6 53 48 54 68
14 1 32 33 41 36 34 52 86 1 0 1 1 0 0 1 0 3 90 92 94 39 34 40 54
15 1 30 31 39 34 32 50 84 99 98 1 0 1 88 90 92 37 32 38 52
16 1 2 8 2 9 37 32 30 48 82 97 96 99 86 88 90 38 33 39 53
17 1 3 3 12 7 5 23 57 72 71 74 61 63 65 41 36 42 56
18 1 0 4 16 11 9 27 61 76 75 78 65 67 69 41 36 42 56
19 1 4 0 15 10 8 26 60 75 74 77 64 66 68 52 47 53 67
20 1 1 6 15 0 6 4 22 56 71 70 73 60 62 64 43 38 44 58
21 1 11 10 6 0 1 19 53 68 67 70 57 59 61 38 33 39 53
22 1 9 8 4 1 0 18 52 67 66 69 56 58 60 55 50 56 70
23 1 2 7 2 6 22 19 18 0 34 49 48 51 38 40 42 71 66 72 86
24 1 61 60 56 53 52 34 0 15 14 17 55 57 59 52 47 53 67
25 1 7 6 75 71 68 67 49 15 0 3 35 73 75 77 69 64 70 84
2 6 1 7 5 74 70 67 66 48 14 3 0 11 62 64 66 76 71 77 91
27 1 78 77 73 70 69 51 17 35 11 0 76 78 80 1 1 3 1 0 8 1 1 4 1 2 8
28 1 65 64 60 57 56 38 55 73 62 76 0 90 92 1 2 7 1 2 2 12 8 1 4 2
2 9 1 67 66 62 59 58 40 57 75 64 78 90 0 1 1 5 1 5 2 1 4 7 1 5 3 1 6 7
30 1 69 68 64 61 60 42 59 77 66 80 92 1 1 5 0 37 1 5 0 1 5 6 1 7 0
31 1 41 52 43 38 55 71 52 69 76 1 1 3 1 2 7 1 5 2 37 0 5 11 25
32 1 36 47 38 33 50 66 47 64 71 10 8 1 2 2 1 4 7 1 5 0 5 0 6 20
33 1 42 53 44 39 56 72 53 70 77 1 1 4 1 2 8 1 5 3 1 5 6 11 6 0 14
34 1 5 6 67 58 53 70 86 67 84 91 1 2 8 1 4 2 1 6 7 1 7 0 25 20 14 0
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THE GEOPOLITICS OF CAPITAL PLACES
The network analysis carried out above identifies fortification 17 (TO-Fo-20, see figure 9.17) as the 
most central node. Even though this exercise is based on 19th century central places, it points to the 
importance of the narrow corridor of land south of the lagoon between Pea and Vaini for any land commu­
nication on Tongatapu. If the deep penetration of the lagoon thus affected communication by land, it 
also facilitated communication by water and focused it on the same general area. With the development 
by at latest AD 200 of the present narrow entrance to the lagoon as the only entrance (chapter 2), the 
focus of canoe traffic into the lagoon would have been its eastern rather than its western sector. The 
locational advantages of this area from the point of view of both land and water transport would have 
been confirmed by the fact that the best soils and the least evapotranspiration are found there 
(chapter 1). Given a horticulturally based society by the end of the pottery-producing period in the 
5th century AD, it is not surprising that Tongan oral traditions locate the first capital in this 
general area, somewhere between Fua’amotu International Airport and Tupou College. The locational 
evidence shows that it was Tongatapu-centred. Its date would have been before AD 1200, based on the 
genealogical dating (25 years per generation of Tu’i Tonga) of its successor, Heketa, founded by the 
10th Tu’i Tonga, Momo.
Why the shift from Toloa to Heketa took place, and why Heketa was the site chosen, are impossible ques­
tions to answer on purely locational grounds. The capital backs onto a rugged stretch of coast, diffi­
cult of access from the sea, with few and very small beaches in the vicinity. It is not the centre of a 
substantial agricultural region. As there is no evidence of fortifications at Heketa, strategic consi­
derations appear unlikely. It seems that purely political factors must have been at work, the desire of 
a now pre-eminent lineage to start with a ‘clean slate’, to found a miniature St. Petersburgh, 
Washington or Canberra.
There are some things we can say about Heketa, however. Its plan is that of a recognisable chiefly com­
pound, though on a monumental scale. The use of coral limestone and beachrock in construction seems to 
mark the first appearance of these as visible symbols of rank and power. Their existence, and particu­
larly that of the Ha’amonga, estimated to have commanded the labour of at least 10% of the able-bodied
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male population of Tongatapu, testifies to the extent of the power which the Tu’i Tonga dynasty now 
wielded. Finally, the capital looks landward, its back to the sea, by the evidence of the monumental 
gateway of the Ha’amonga, which faces south at the furthest point from the sea, and the langi Heketa, 
which shows its largest stone slabs to the person approaching from the gate.
Within two (?) generations, the 12th Tu’i Tonga, Talatama, or his brother, Tala-’i-Ha’apepe, the 14th, 
moved the capital to Mu’a, on the eastern shore of the lagoon, where it remained into the period of 
European contact in the late 18th century. Unlike the apparently short-lived Heketa, Mu’a developed 
over time, so that, together with its apparent lack of the slab-faced dwelling platforms known at Heke­
ta, it is impossible on present evidence to say what its original plan was like. The initial settlement 
was Lapaha, in the early period defended by a ditch and inner bank, whose two arms terminated at the 
coast. Later, land reclamation in front of the fortification, which was thereby rendered ineffectual, 
if it had not already fallen into disuse, made ground for the newly founded Ha’a Takalaua. Later still, 
with the creation of the Tu’i Kanokupolu, a further addition, Tatakamotonga, was added to the south.
The monuments consist almost without exception of slab-faced tombs of various ranking lineages. We have 
looked at the social and societal dimensions of this architecture in the previous chapter. In the pre­
sent context, the important factor is the orientation of the display side of the major tombs towards 
the lagoon, with possibly an assembly ground {mala’ e) between.
This lagoonward orientation is symbolic of a shift in focus of the ruling dynasty from Tongatapu to 
beyond, no more strikingly seen than in the harbour works associated with the land reclamation and no 
doubt accounting for the move of the capital from Heketa in the first place. We have here the locatio­
nal expression of what sometimes is called the Tongan Maritime Empire {eg. Campbell 1983:155). From the 
traditions, this is said to have extended as far as Samoa, Futuna, ’Uvea and Niue. It is better inter­
preted (see Appendix 6) as the Tongan sphere of influence52^ , in which we can distinguish three zones:
^  Since, however, the exact political relationship between Tonga and its dependencies, which varied 
between the island groups concerned and over time, is not yet fully understood, the term Tongan Maritime Empire 
is somewhat misleading, as it suggests comparisons, for example, with the British Empire and its system of 
colonial rule. In addition, the Tongan language does not contain a generic word for the phenomenon.
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Figure 9.27: Fijian pottery found in the Tongatapu Group. 1 TO-Mu-29; 2-3 TO-Hi-1. Scale 1:1.
• the core area, which was under the total control of the Tu’i Tonga, Tu’i Ha’ atakalaua or Tu’i Kano- 
kupolu and was regarded as Tonga proper,
• the zone of continuous influence, in which the Tongans exerted power over dependencies which 
had to provide goods and provisions to the Tu’i Tonga at the annual ’inasi ceremony, and conscript 
labour (fatongia) as the need arose.
• the zone of sporadic influence, in which the Tongans made their presence felt, for example, by the 
occasional raid, without exerting power continuously.
Beyond the Tongan archipelago itself, the closest links were with Samoa and Fiji, with which a regu­
lar exchange system operated (see table 9.13 for items exchanged; see also Couper 1968; Kaeppler 1974; 
Kirch 1984:238-241; Tippett 1984a; 1984b) with Tonga as the centre for redistribution as is illustrated 
by the following three examples:
Stingray barbs: ’UVEA => TONGA => FIJI
Red feathers: FIJI => TONGA => SAMOA
Fine mats: SAMOA => TONGA => FIJI
The archaeological manifestation of this West Polynesian exchange network is provided by Fijian pot­
tery, which Kaeppler (1973) found on Tungua in Ha’apai, and which I found on Monuafe offshore from
53) It noteworthy that neither the oral traditions nor the European accounts mention any trade in stone or stone 
adzes with Samoa, while this is mentioned for Fiji (see table 9.13).
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Table 9.13: Goods exchanged with Western Polynesian neighbours. (Compiled from various sources).
From Tonga to Fiji From Fiji to Tonga
• whale teeth • canoes
• fine mats from Samoa • sandalwood
• stingray barbs • red feathers
• weapons • red-breasted musk parrots
• sails • dogs
• sennit • kava bowls
• ornaments (of whale bone ?) • wooden bowls (general)
• pearlshells inlaid with whale 
ivory (breastplates?)
•
•
pottery
baskets
• barkcloth • decorated barkcloth
• sail-thatching needles • mosquito curtains
•
•
•
•
•
small white cowries •
•
•
•
•
spears
clubs
mats
stone for adzes 
husbands
From Tonga to Samoa From Samoa to Tonga
• red feathers • fine mats
• octopus-lure sinkers • kava
• whale-tooth ornaments
• whale teeth (unworked)
• Nautilus shells for ornaments
• wives
From Tonga to 'Uvea From 'Uvea to Tonga
• • stingray barbs
• • pearlshell
From Tonga to Kiribati/Tuvalu From Kiribati/Tuvalu to Tonga
• • pearlshell
Tongatapu (figure 9.27,2-3) and on langi TO-Mu-29 at Mu’a (figure 9.27,1); by a number of adzes of 
black basalt apparently from the Tatanga Matau quarry on Tutuila (Leach & Witter 1987);53) and by a 
number of adzes with a triangular ‘Samoan’ cross-section (Green 1974a; types VI & VII). That contact 
went further afield, may be indicated by two adzes of East Polynesian appearance (figure 9.28) found 
on Tongatapu and ’Eua (Palmer 1963).
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Figure 9.28: Adzes of East Polynesian type from Tongatapu (top) and ’Eua (bottom). (After Palmer 1963).
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Mu’a was ideally placed 10 serve the role of capital for an island with overseas connections of this 
kind: its situation at the eastern shore of the lagoon is reasonably near to the entrance and protected 
from adverse seas by the Nukuleka peninsula.
I have interpreted the mala’ e o f the Tu’i Kanokupolu at the western end of Tongatapu as reflecting the 
rise of an authority not wholly dependent on the central place at Mu’a. The traditional evidence has been 
interpreted by others as the need to control unruly elements and a growing population in the west and I 
have used the evidence o f 19th fortifications and roads to suggest that by this time the greater part 
of the population of Tongatapu lived here, as compared with the east. The actual location of the regio­
nal centre is interesting. It was governed by the need to have access by canoe. The western and 
southern shores of the western part of the island were mied out since, as the weather coast, they did 
not offer protected landing places. From the evidence of aerial photographs, the only suitable place, 
with deep-water channels not likely to become dry at low tide, is at Kanokupolu.
Kanokupolu was a focus of interest and attention for Europeans and out of the turbulent times of the 
Civil Wars (1799-1852) its ruler emerged as the King of Tonga.
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CONCLUSIONS
TOWARDS A HISTORY OF TONGAN SOCIETY
The thesis now concluding was conceived fundamentally as a contribution to the study of the develop­
ment of hierarchy in Tonga. While it has fallen short of an initial aim to discover the explanatory' 
variables, it has advanced understanding of it in a series of interrelated investigations and analyses 
of the main island of Tongatapu, which are dealt with in the three sections into which the thesis is 
divided. These exercises have established the context of ecology, subsistence and settlement in which 
consideration of hierarchy must be carried out and have indicated profitable lines for future archaeo­
logical work on the matter. In the process they have thrown light on, if not completely dispelled, the 
Dark Ages, which Poulsen (1974) saw as following on the Lapita Period on Tongatapu.
In Kirch’s (1984) model for the evolution of hierarchical structures in Polynesia, Tonga features as a 
case study by virtue of its highly differentiated society at the time of European contact. For Kirch, 
ancestral Polynesian society, as represented archaeologically by the Lapita Culture, is hierarchically 
structured. The causal variables for the development of societal complexity on this basis include in­
crease of population on newly settled islands, which create problems in administration and control, 
and unreliability of the food supply by way of natural hazards and periodic shortages, to which res­
ponses are made through central planning, surplus production and storage, and food redistributions. 
Environmental change is a potential factor contributing to the process.
THE LAPITA BASIS
For my own purposes, it was necessary to reassess the evidence, mainly from Poulsen (1967; 1987), for 
the colonisation and settlement of Tongatapu in order to identify precisely what the changes were in 
Tongan society which needed explanation. In the local situation this required me to lay a firmer basis 
for the spread of settlement inland from the lagoon; to follow up on Poulsen’s thesis of concomitant 
changes in lagoonal geography and ecology and explore their implications; to look into the relation-
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ship of these developments to two other happenings identified by earlier workers (Groube 1971; Poulsen 
1967; 1987) as apparently contemporary with each other, though not clearly causally related - the 
cessation of shellfish dumping on a large scale and the abandonment of pottery altogether, and to con­
sider the nature of social developments over the period of change. These are themes of the first sec­
tion of the thesis, chapters 1-4.
As we saw in chapter 3, Tongatapu was settled possibly by 1300 BC, certainly by 900 BC, by people 
coming from the west, most probably one of the Lau Islands of Fiji. The settlers belonged to the 
Lapita cultural complex and were horticulturalists, who brought with them a large variety of tended 
plants and animals; they may have been responsible for the intentional introduction of animals and 
plants nowadays considered ‘wild’. They were opportunistic foragers, who, during the time that domes­
ticated animal populations were built up, heavily utilised the natural resources.
As discussed in chapter 2, at the time of settlement the present large Inner Lagoon was an embayment 
with two pockets, a western and an eastern one, protected by several islets located in its mouth. For 
a canoe-going people on an island covered with primary forest, the lagoon was an obvious area for 
settlement and, given the nature of the rest of the Tongatapu shoreline, by far the best. Navigational 
parameters favoured its western sector and it is here that we find the richest evidence of early habi­
tation (chapter 3). By comparison with (modem) household middens, the Lapita shell middens represent 
shellfish dumping on a large scale and are indicative of a clustered, village-like settlement pattem.
The early pottery is richly decorated and allows a close comparison with pottery in the Lau Group of 
Fiji (chapter 4). If, as proposed, decorated pottery acted as a group identifier for a population 
widely and thinly scattered through Western Polynesia, its rather rapid demise on Tongatapu during the 
first 500 years of settlement suggests that after an initial period when strong overseas links were 
maintained, intensity of contact fell away. This may have possibly been due to an overall increase in 
population, which provided a sufficient pool for intra-group communication and social, marital and 
ideological/emotional exchange. The claim for an increase in population can be substantiated by the 
increased number of sites with undecorated potter}', the increased number of appropriately late 14C
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dates and the increased pressure on lagoonal resources shown by the decrease in size of Gafrarium 
shells. We can trace the spread of sites away from the lagoon, along the northern shore, into the in­
land areas and to the neighbouring island of ’Eua.
The movement of sites into the inland areas can be seen as a shift in the subsistence base, with a 
greater emphasis now being placed on horticultural produce. The settlement pattern at the end of the 
pottery-producing phase is dispersed, with no apparent village clusters in evidence. 
Excavations at a site settled early (360 BC) in the process of interior settlement (TO-
At-96; see ER-8) show that shellfish were being brought inland in substantial quantities. However, 
some selection was taking place as to what kind of saltwater food was carried in. On the whole, how­
ever, shell scatters, let alone substantial shell middens like that referred to, are very rare in the 
inland areas, suggesting that any transitional phase of inland habitation linked with coastal exploi­
tation was not very long-lived. It had been argued (chapter 4) that the use of utilitarian potter}' was 
at least in part connected with the opening of shellfish in boiling water, so that with any 
substantial dcrease in shellfish consumption pottery would have ceome gradually obsolete. This 
situation would fit the inland situation, where substantial numbers of people were now living. It is 
hard to fit it with the coastal situation, where consumption of shellfish continued, as shown by the 
continuous decrease in Gafrarium shell size, which cannot be attributed to environmental change 
(chapter 5). It is true that there are no unequivocal post-Lapita shell middens of substantial size 
at the coast, but I have explained this (Page 245, footnote 14) by post-depositional mixing. Since 
pottery disappeared at the coast as inland, shellfish can only be in part involved. The question of 
pottery demise needs obviously to be addressed in future work.
Reviewing the evidence of the Lapita Period, which ended with the demise of pottery in the early 5^  
century AD, I could find no obvious signs of social/societal differentiation within the population of 
Tongatapu, to serve as a pointer to subsequent developments.
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THE MIDDLE REACHES
Part II of this thesis (chapters 5-7) opened up these developments at the level of subsistence, 
settlement and population, using evidence gathered during a number of large-scale surveys and excava­
tions. The foundation was laid (chapter 5) with a demographic assessment of Tongatapu, drawing on 
contemporary estimates from the early decades of European contact and a carrying capacity model based 
on per capita needs for agricultural land. Using carrying capacity models and taking the consumption 
of marine food into account, it was argued that the population of Tongatapu would have been at least 
12,000, on a very conservative estimate, and probably as many as 25,000, at the end of the pottery- 
producing period.
The results of various site surveys were then considered in the light of the population estimates 
(chapter 6). These surveys had concentrated on the most common feature of the archaeological land­
scape, mounds of earth, which served some for habitation, some for burial, building up over time as 
material was heaped on for new house floors or new burial levels: sometimes function changed from 
burial to habitation or vice versa over time. The inability to discriminate the function of mounds in 
perhaps a third of recorded cases, as well as the fact that in only a few cases were any dates 
available, meant that a series of alternative calculations were necessary to match the possible range 
in number of house mounds and burial mounds with the range of population estimates. The most conser­
vative calculations clearly showed for house mounds that their number was never sufficient to accommo­
date the total population. The conclusion was drawn that residence on mounds is some indication of 
above-normal status. I have calculated that more than 70 person-days of labour were necessary for the 
digging of the ground for the construction horizons out of the quarry ditches surrounding the mounds 
and this might support the idea of them having some chiefly status. There was no indication that their 
size is in itself a further marker of differentiation, since a test pit in a very large mound at 
Beulah (c/. Excavation Report 9) showed that its height was the result of the number of house floors 
on the same spot. I speculated, however, that this very stability of residence might be a mark of more 
elevated status, in which case the lower mounds would belong to lower-ranking chiefs.
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The results of excavations showed that raised house floors were in existence at the end of the pottery 
period (early 5th century AD), while evidence from previous work by Groube and Poulsen might push the 
date back as early as 200 BC. In any case the existence of house mounds in the final years of the 
Lapita Period suggests that here we have the evidence for differentiation within (Late?) Lapita 
society which I was unable to establish from the data reviewed in Part I of the thesis. I pointed 
there (chapter 4) to the decline in standards of craft production in pottery and stone adzes over time 
during the Lapita Period, to which we may add the disappearance of pottery and apparently also shell 
ornaments at its end, and asked where the unused energies had gone. It is conceivable that some of it 
went into new avenues of effort related to the processes of societal differentiation, whose initial 
mark is the construction of house mounds.
The excavations which provided the early dates for house-mound construction were conducted to provide 
information on the basic household unit of prehistoric Tongatapu, to compare with the compounds 
described by early European visitors (chapter 7). Only limited success was achieved because of the 
confusion of any posthole patterning by the deep holes dug for yams. The experience was valuable, how­
ever, as we shall see, in indicating what strategies should be employed in future settlement 
excavations.
THE APEX OF DEVELOPMENT
Part III (chapter 8 and 9) of the thesis takes up consideration of what are, by the evidence of oral 
traditions and European accounts, the direct and unequivocal expressions of hierarchy in Tongan 
society, the stone-faced and especially the slab-faced monuments, individually and in their group­
ings, particularly the groupings at the political centres. In his evaluation of Tonga as a case study 
in the evolution of Polynesian chiefdoms, Kirch (1984:223 ff.) had discussed the significance of this 
evidence, but restricted himself to the capital centre of Mu’a, while I surveyed the succession of 
capital places as known from the evidence of oral history. These are places associated in the tradi­
tions with the lineage of the Tu’i Tonga. As Kirch (1984: 223) points out, Tu’i is a new term created 
in Tonga for the highest-ranking chief, while the other chiefs were called ’eiki, in its various re-
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flexes a common chiefly title in Polynesia. Like Kirch, I take this an an indication of a paramount 
chieftainship intentionally distinguishing itself from the existing ranking.
In his detailed assessment of Mu’a Kirch was concerned to show how this reflected the development of 
the Tu’ i Tonga and the creation over time of the Tu’i Ha’ atakalaua and the Tu’i Kanokupolu, as known 
from the traditions. I myself addressed the same issue (chapter 8), but in a different way. I relied 
not on the attribution of specific monuments to named individuals, a matter of considerable confusion 
in the traditions, but to specific lineages, on which the traditions are in agreement; analysed the 
spatial relationships of the various elements of the Mu’a archaeological landscape in association with 
intrinsic attributes of the monuments themselves, including overall volume, size of facing slabs and 
estimates of labour input into their construction; and set the Mu’a complex in the context of earlier 
and later monuments elsewhere, analysed in the same way. The result was on the one hand to emphasise 
the marked pre-eminence of the Tu’i Tonga lineage and the resources it could command, on the other 
hand to show the clear operation of societal over social ranking in the structural characteristics of 
the various lineage monument groups. This was very clearly seen in the large volume and slab size of 
the Kanokupolu mala’e of the Tu’i Kanokupolu, built away from Mu’a and reflecting the weakened status 
of Mu’a as a central place and the emergence of a competitive power elsewhere.
Excavations on the offshore island of Pangaimotu, at house mounds plausibly interpreted as belonging 
to the stonemasons who worked the adjacent beachrock quarry, suggested that such quarrying began as 
early as the beginning of the fifth century AD. Since in later times such slabs were visible symbols 
of both social and societal rank, this might be another indication, together with the appearance of 
house-mound construction itself, for differentiation amongst the population of the Late Lapita Period 
on Tongatapu.
If this is so, we have no idea where and for what purpose the beachrock slabs were used. They come 
into view suddenly at Heketa, (genealogically) dated to a much later period, about AD 1200, and 
already traditionally associated with the Tu’i Tonga. On archaeological grounds we can accept this 
association. The major monument at Heketa, the monumental gateway of the Ha’amonga-’a-Maui, consists
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of coral uprights and a beachrock lintel, the former each weighing cover 50 tonnes. I have calculated 
(chapter 9) that at least 10% of the male able-bodied population of Tongatapu was involved in its con­
struction, and possibly up to 45%, not to speak of the female labour required for their maintenance. 
This is indication indeed of an already paramount chieftainship, but where can we look for its origins?
The traditions say that there was an earlier capital place, Toloa, which they associate with the Tu i 
Tonga, but this may be a conjecture of later times when the Tu’i title was firmly in place. Certainly 
there is no archaeological evidence to differentiate Toloa decisively from other parts of Tongatapu, 
as there is with the other traditional capitals and their clusters of high-ranking, slab-faced monu­
ments. Indeed, though we know that Toloa is in the southeastern part of the island, somewhere near 
Tupou College and the International Airport, its precise location is traditionally unknown and archae- 
ologically unrecognisable. Chronologically it fits nicely into the period between our archaeological 
identification of the emergence of differentiation (house mounds, quarrying of beachrock) and the tra­
ditional date for a capital place at Heketa traditionally and archaeologically to be associated with 
the paramount chieftainship of the Tu’i Tonga. In an evolutionary sense it would have the expectable 
characteristics, being a conglomeration of unfaced earthen mounds, perhaps with beachrock slabs used 
for vaults within the burial mounds. We can speculate that Toloa was the central place of the most 
powerful of the chiefly lineages, where the primus inter pares resided. As with other chiefs, he could 
only draw on the labour of his own people, not on that from a wider area.
Locationally the emergence of Toloa makes sense. It is situated south of the Mu’a sector of the Inner 
Lagoon, which from the point of view of canoe travel would have gained in importance over the Pea sec­
tor, the area of concentration in early Lapita times, after the closure of the western entrance at 
j Nukualofa around AD 200 at the very latest (chapter 2). It is near the narrow corridor of land south 
of the lagoon through which all land traffic from one end of Tongatapu to the other had to pass 
(chapter 9). It is the area with the best, soils and the least evapotranspiration on the island, which 
favours agriculture (chapter 1). It is the region of highest mound density (chapter 6).
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Toloa was clearly a land-based, Tongatapu-focused political centre, supported by horticulture. In this 
it fits well with the propositions {eg. Sahlins 1958; Kirch 1984) of power accompanying the surplus 
production of horticultural food, which could be judiciously deployed during periods of food shortage. 
It should be stressed, however, that there is certainly no archaeological evidence for this in the 
Toloa case, and the issue is one I shall return to later.
Compared with Toloa, the foundation of Heketa marked a decisive step in the development of social/ 
societal differentiation. The primus inter pares became the chief of chiefs and this was visibly 
reflected in a capital place whose establishment in the form of stone-built/faced monuments - 
gateway, tomb and house platforms - called on much more than local labour.
I have said of Heketa (chapter 9) that it was built on the principles of the chiefly compound as 
described by European visitors of the late 18th century, but on a literally monumental scale. It is 
difficult to know whether this means that the plan was already in existence and could be expected at 
Toloa, or whether it established a model which was later taken up by the chiefly class. From the loca­
tion of the gateway, the orientation of the side of the langi with the larger slabs and the rugged 
nature of the coast behind it, I concluded (chapter 9) that, like Toloa, it had a landward orien­
tation. Its location was, however, difficult to explain, since the area was not one of particular 
agricultural productivity, while, in the absence of defenses, strategic considerations seeme dnot to 
have been in mind. All I w'as able to suggest was that, as representing the emergence of a supreme 
chief above his erstwhile fellows, the decisive development was registered not only in monumental 
forni, but in a new place.
Understanding Heketa was also made difficult by the fact that according to the oral traditions it was 
replaced as capital place within period of two or so generations by Mu’a, which remained so into the 
era of European contact. It was not easy to see the original plan of Mu’a, because this underwent 
significant modification over the period of its supremacy: compounds for the Tu' i Ha’atakalaua and, 
later, the Tu’i Kanokupolu were added to that of the T ui Tonga, as the temporal was separated from 
the sacral power of the paramount chief and further transferred. However, in so many aspects it clear-
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ly differed from Heketa. Its slab-faced sites were sepulchral, none residential. At an early stage it 
was defended by a ditch and bank. Most importantly it was situated on the lagoon, the display side of 
its major monuments were oriented towards the lagoon and the reclaimed land where the Tu’ i Ha’ataka- 
laua established himself was the site of harbour works, including a stone-built pier.
All this is comformable with what we are told in the oral traditions and can learn from early European 
testimony about what I have called the Tongan sphere of influence (chapter 9; Appendix 6), centred on 
Tongatapu. However, the shift in orientation from land to sea represented by the move of capital place 
from Heketa to Mu’a seems to abrupt in terms of the traditional chronology. It is possible to conceive 
that the traditional chronology has been truncated by the elimination of unimportant Tu’i Tonga from 
the genealogical lists to achieve a closer relationship with a famous figure like Tu’itatui, the son 
of the founder of Heketa, who is still prominent in Tongan historical thinking. This would mean that 
Heketa, and with it Toloa, would be pushed further back in time. We have no independent check on this 
proposition. I have, however, pointed (chapter 9) to a tradition (incidentally a single one, from one 
man, collected as late as the 1950s) of a capital place at Niutao, just inside the entrance of the 
lagoon, halfway between Heketa and Mu’a, and the existence of slab-faced monuments of unknown date and 
affiliation, at Niutao and elsewhere in this geographically intermediate region, at ‘Afa and 
Maka’unga. I have also mentioned (chapter 9) that Best (1984:129) interprets the ’Ulukinoro fortifi­
cation on lakeba, Lau Group, as Tongan. This might constitute somewhat tenuous evidence for Tongan 
enterprise overseas as early as AD 1000.
It is perhaps easier to suggest why the land-based, Tongatapu-centred society represented by Heketa 
(and, before it, Toloa) became in time one with a significant orientation outwards and overseas. The 
vital factor was the establishment of the paramount chieftainship indicated by the foundation of 
Heketa. Rival chiefs who had missed out in the struggle for paramountcy and, later younger, sons of 
the Tu’i Tonga and subsequent leading lineages might have chosen and been encouraged to seek an outlet 
overseas for their ambitions. This has been a phenomenon in human history worldwide. In Tonga itself 
there is a parallel in the 19th century. When Taufa’ahau I, installed as the 19th Tu’i Kanokupolu, won 
the Civil Wars in 1852 and unified Tonga under his control, the only serious challenger to his posi-
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tion was Ma’afu, his great-uncle and son of the 18th Tu’i Kanokupolu Aleamotu’a. On genealogical 
grounds the Tu’i Kanokupolu title should have gone to him. To counter any challenge, Ma’afu was given 
a free hand, and military support, for his activities in Fiji, where he eventually built himself a 
large power base. In the traditional situation he would then have been obliged to provide offerings to 
the Tu’i Tonga at the ‘inasi.
La the context of such overseas enterprise, the administrative reorganisations represented by the 
creation of the Tu’i Ha’atakalaua and the Tu’i Kanokupolu are understandable. It is also understand­
able that this process of administrative devolution should allow opportunity for lower-ranking indivi­
duals to become societally important. Thus, as we have seen (chapter 8), the Tu’i Kanokupolu, created 
on traditional evidence for the the control of the populous and unruly western districts of Tongatapu, 
had a compound, Tatakamotonga, at Mu’a, but a centre at Kanokupolu where he was installed and where 
there was built for him a mala’e with large slabs outdoing those of the socially superior Tu’i Ha'ata- 
kalaua.
I have tried (chapter 9) to supply the archaeological context in which the Tu’i Kanokupolu was esta­
blished, rose in importance and eventually gained supremacy as a result of the Civil Wars. The forti­
fications which were erected during that period were interpreted to show that at the end of the 18th 
century population on Tongatapu was concentrated in the west As the analysis of the late 19th century 
road network made clear, they represented the nodes of localised concentrations of population and 
revealed the existence of local centres of power and authority not otherwise visible in the archaeolo­
gical record. As a result of the Civil Wars many of them lived on in the form of modem villages.
WHERE DO WE GO FROM HERE?
A great many topics have been covered in this thesis and a great number of avenues for future research 
made apparent. In these concluding paragraphs I wish to take up only two, because they are the most 
closely concerned with what I set out to explore, the matter of hierarchy in Tongan society. One 
concerns its development, the other its manifestation.
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We are fundamentally dependent on oral traditions for our knowledge of the history of paramount chief­
tainship on Tongatapu, including its very chronology. Archaeological excavations at the major monument 
sites to advance that knowledge are impossible, not least on grounds of professional ethics in a situ­
ation where the sites, the focus of considerable national sentiment, are graves (Mu’a) or are intact 
and not under threat (Heketa). My own work has shown, however, the potential of an archaeological 
approach not involving excavation, but the consideration of site locations and relationships and the 
parameters of individual sites. In the first regard, for instance, the lay-out of Heketa has been 
interpreted as an exemplification of the chiefly compound recorded by late-18th century Europeans, 
while the interrelationships of fortification, reclaimed land and monuments at Mu’a has contributed to 
an internal chronology for the complex. In terms of individual monuments, parameters of site volume 
and relative size and disposition of facing slabs have shown themselves to represent a good and accu­
rate reflection of social and societal aspects of Tongan society. Much more could be done along both 
these lines of enquiry. Such archaeological data seem to offer a means of assessment unbiased by 
corrupt transmission or purposeful rewriting of genealogical history. A case in point would be the 
Fale Fisi, whose langi Namoala is larger than those of the Tu’i Ha’ atakalaua of the time (discusssed 
in chapter 8).
The second subject for future work goes beyond an understanding of Tongan prehistory in importance, 
but is fundamental to the wider objectives this thesis set itself in the Tongan context. It concerns 
the origins of hierarchy itself. The common suggestion that it is based on the control of surplus 
production from horticulture could not even be tested in the present research because of the 
complexities of the required archaeological procedure. The experience suggests the ways in which the 
matter should now be tackled, while my investigations have identified the critical area, that of 
Toloa, the first traditional capital.
Since Toloa itself is archaeologically unidentified, there would need to be detailed field survey 
within this region of the highest mound concentration, exploring parameters of form, size, density, 
patterning, occurrences of coral sand from burials and, using the available technology in magneto- 
metry, earth resistivity and surface radar, the possibility of internal slab-built burial vaults. The
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evaluation of the survey data should allow the selection of an area for large-scale excavation. This 
would centre on a large house mound and require a total excavation, including all ground within a 
radius of 50-100m. Given the experiences gained at Veitongo and on Pangaimotu, it would otherwise be 
impossible to locate all pits. The reasoning for this is simple. House mounds are of chiefly nature. 
Somewhere around the compound of the chief will be the compounds of the commoners controlled by the 
chief. While houses on level ground may no longer be identifiable because of the plethora of yam­
planting holes, we may expect to find a group of earth ovens away from the mound, indicating the 
location of commoners’ houses. If surplus production of food is the key causal variable, the chief 
will have maintained control over this surplus, stored in fermentation pits. On this reasoning, such 
pits will be only located within the chiefly compound. If, however, the pits are scattered and each 
household, identified by its ovens, because of the difficulties with postholes, has its own storage 
pit(s), then the argument based on surplus production is not straightforward and, indeed, may not be 
valid. In either case, the investigations proposed will pose new questions at a higher level of under­
standing.
The strategy suggested is expensive, time-consuming and demanding of labour at the skilled and 
unskilled levels. Big issues are, however, beyond the scope of the type of single-handed operation 
that has been the subject of the research described in preceding chapters. For Tongatapu the larger 
undertaking is the crucial next stage of research. In this context my contribution deals, as the 
Tongan title expresses it, with images of Tongan history, which, however, are designed to contribute 
to a fuller picture.
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GLOSSARY OF TERMS USED IN THIS STUDY
’Api - 1) town (’api kolo) or bush allotment ( 'api ’uta) forming part of a => tofia, given to a Tongan 
male (by law) for living or farming. The land is owned by the king, trusted to a noble and granted to 
a commoner (by the noble on behalf of the king).
2) lowest administrative subdivision, comprising one compound, headed by the tamai, the male 
head of the family.
Basin-shaped bottom - the flat bottom of a => dug feature with sloping or straight walls, where the 
transition between the bottom and the edge is rounded.
Bowl-shaped bottom - the rounded bottom of a => dug feature with sloping walls.
Dug feature - generic teim for any pit or oven. Excludes ditches and wells.
’Esi - chiefly sitting or resting mound, most often located at spots with a pleasing view and 
refreshing breezes. Belongs to the chiefly classes. Toa trees (Casuarina equisetifolia) are often 
planted around such sites.
Fa’ahinga - administrative unit, consisting of several => 'api, and headed by the => ’ulumotu’a. 
Several fa! ahinga constitute a => ka’inga.
Fahu - describes the social rank and the relationship between members of a => ka’inga. In general, 
women outrank men and older siblings and their descendants outrank younger siblings and their 
descendants, so that the oldest sister of a generation and her offspring hold the highest rank. The 
lesser- ranking members of the kainga have to give respect, gifts and allegiance to the higher-ranking 
members.
Fa’itoka - tomb/cemetery site, where today commoners are buried. The tomb is usually not stone-faced 
and contains no burial vault or chamber. A fa ’ itoka often has a mounded appearance caused by 
superimposed layers of burials. The early European visitors sometimes refer to chiefly burials as 
fa ’itoka and it appears that the term may have been used in a generic, rather than societally specific 
sense.
Fale - Tongan house, traditionally of oval shape, with four central posts supporting the roof.
Fonualoto - a burial vault, commonly of six stone slabs, one at each side, one on top and one below.
Habitation pattern - where appropriate, the term habitation pattem is used describe the lower levels 
of => settlement patterns (micro- and sub-micro levels, using Clarke’s (1971) terminology), namely 
household units and their components.
Hou’eiki - chiefs, holders of titles, who were in control of blocks of land (=> tofia) of varying size, 
which they held in fief from the => Tu’i Tonga/Tu’i Ha’ atakalaua/Tu’i Kanokupolu. The hou’eki were the 
leaders of a => kainga and formed the second highest class in Tongan society (see Appendix 1 for 
details).
House - following the German ethnographic tradition, a house is defined as a building with separate 
walls.
Hut - following the German ethnographic tradition, a hut is defined as a building without separate 
walls, consisting entirely of roof.
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’inasi - annual ceremonies, when the the various chiefs of Tonga paid their respects and made their 
offerings, in form of yams and other recently harvested foods; the food was offered by the lower 
chiefs to the Tu’i Kanokupolu, who offered it to the Tu’i Ha’atakalaua, who in turn offered it to 
the Tu’i Tonga. The Tu’i Tonga redistributed the offerings. Two ’inasi ceremonies were known. The 
‘inasi ’ufimui (literally Tate ripe yams’) occurred during June-July and marked the harvest of the 
late yams, which had been planted between August and October the previous year. This ceremony also 
marked the planting of the new yams for the current year. The second ceremony was the ‘inasi 
’ufimotu’a (literally ‘mature yams’), which was held during October-November and marked the harvest of 
the first yams of the same year, those which had been planted in June-July.
Kafa - string made of coconut fibre, used for lashing the timbers of houses and canoes. It was 
sometimes dyed black and could be used to create ornamental lashings.
Kainga - 1) consanguingal kin group, extended family, all members stemming knowingly from the same 
ancestor. \Wiereas the kainga commoners is limited because of lack of knowledge of former times (such 
knowledge never kept bu commoners in the days prior to the Constitution of 1865), the kainga of nobles 
is quite extensive.
2) Also an administrative unit comprising several =>fa’ahinga and headed by a => hou’eiki.
Kalia - large double-hulled war and voyaging canoe. Similar in design to the Samoan alia and the 
Fijian drua\ capable of tacking against the wind.
Kauhalalalo - term for the Ha’a deriving from the Tu’i Kanokupolu Qiterally ‘people from the 
lower side of the road’), including, at least at the beginning, the Ha’a Takalaua. The use of the term 
was later on possibly restricted to the Tu’i Kanokupolu lineages.
Kauhala’uta - term for the Ha’a Tu’i Tonga and their direct descendants (literally ‘people from the 
inland/bush side of the road’).
Kilikili - small, black volcanic pebbles, used to adorn the top of burial mounds. The stones are a 
chiefly marker, although they become increasingly frequent on commoner’s graves. Such stones had to be 
brought from the volcanic islands of the chain, such as Niuafo’ou, Tofua and Kao.
Kolo - Tongan term for any fortification. It is nowadays also used synonymously to describe an 
undefended township (also ‘Kolotau’).
Langi - royal tomb, where a member of the Tu’i Tonga family is buried. The tomb is generally slab­
faced and contains a slab-built burial vault or chamber.
Lepa - water reservoir/ cistern. A round pit lined with clay beaten hard to to make it watertight.
Mala’e - 1) chiefly tomb, where a member of the nobility is buried. The tomb is usually slab-faced 
and contains a burial vault or chamber.
2) open space used for meetings.
Matapule - ceremonial attendants and talking chiefs, third highest class in Tongan society (see 
Appendix 1 for details).
Mu’a - 1) societal class.
2) administrative district, the central area of any island and its administrative centre.
3) capital place on Tongatapu (following on from 2).
Ngatu - painted barkcloth (=> tapa), made from the paper-mulberry tree {Broussonetia papyrifera).
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Pa ika - fish fence, traditionally made from of discarded stems of the paper-mulberry tree 
(.Broussonetia papyrifera).
Paepae - chiefly living site, usually a low platform, either faced with wooden logs or with stone 
slabs.
Pangai - open space used for meetings. While the => mala! e is the generic term, pangai is specifically 
used for places connected with the => Tu’ i Kanokupolu.
Planum - excavation unit of arbitrary depth, the surface of which is commonly completely horizontal. 
All discolourations of a planum are mapped.
Pola - woven coconut fronds, used for thatching houses.
Popula - slaves or prisoners of war, lowest class in Tongan society (see Appendix 1 for details).
Rank - It is nessary to distinguish between social rank, i.e. genealogical rank defining the position 
of the individual with the kin group (sister outranks brother, older outranks younger), and 
societal rank, defining the individuals position within the society as a whole. Societal rank is 
predominantly governed by class, and witliin a class by genealogical rank, ability, political power 
and, apparently, also economic power.
Saltwater resources/food - generic term to include both marine and lagoonal food, deriving from 
pelagic, reef and estuarine environments.
Settlement pattern - expanding on the terminology used by Clark (1977:11-15) I use the term macro­
level to describe settlement patterns in a general area; sub-macro level to describe them within a 
smaller region; semi-micro level for the spatial relationships of household units to each other, and 
micro-level for the spatial patterning within a household unit.
Sia - mound. The term usually describes an artificial living mound, but occasionally also a natural 
mound used for settlement purposes.
Sia heu lupe - pigeon-snaring mound. A circular platform with a flattened top and a circular 
depression in the middle.
Social rank/status - => rank.
Societal rank/status - => rank.
Tapa - unpainted barkcloth, made from the paper-mulberry tree (Broussonetia papyrifera).
Toa - a Casuarina (C. equisetifolia) tree, commonly regarded as chiefly indicating a chiefly site.
Tofia - estate held by the king, the nobles or the government.
Tongiaki - double-hulled canoe, forerunner of the => kalia,
Tu’a - commoners, commonly cooks and peasants, low class in Tongan society (see Appendix 1 for 
details).
Tu’i Ha’atakalaua - the secular ruler of Tonga since about the 15th century, belonging to a line split 
off from the Tu’i Tonga lineage. In the text sometimes abbreviated as ‘TH \
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Tu’i Kanokupolu - the secular ruler of Tonga since about the 17th century, belonging to a line split 
off from the Tu’i Ha atakalaua dynasty. In the text sometimes abbreviated as ‘TK’.
Tu’i Tonga - the secular and sacral ruler of Tonga. From about the 15th century, only the sacral 
ruler, the secular powers passing to the => Tu’i Ha’atakalaua and later the => Tu’i Kanokupolu. In the 
text sometimes abbreviated as ‘TT\
Tu’i Tonga Fefine - a sister, commonly the oldest sister, of the => Tu’i Tonga. In the text sometimes 
abbreviated as ‘TTF’.
’Ulumotu’a - head of the administrative unit of the =$fa’ahinga, a subdivision ofthe a => kainga. The 
’ulumotu’a controls several => ’ api which form the fa ’ ahinga.
’Umu - earth oven. An oval-shaped pit in the ground, used to cook food with the aid of cooking stones.
Vaitupu - Well pit. A circular pit dug down to the water table. This often lay below the surface of the 
coral bedrock, in which case a shaft would be sunk from the bottom of the pit. The occurrence of vaitupu 
is restricted to low-lying areas less than 5-7m above HWL.
